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§ 7. Identity of Electricities derived from different Sources. 

265. •^HE progress of the electrical researches which I have 
had the honour to present to the Royat Society, 
brought me to a point at winch it was essential for’tli^ further 
prosecution of my inquiries that no doubt should |eniain of 
the identity or distinction of electricities excited by-difierent 
means. It is perfectly true that Cavendishf, Wollastbnif, Col- 
ladon§ and others, have in turn removed some of the greatest 
objections to the acknowledgement of the identity of co,m{ncin,' 
animal and voltaic electricity, and 1 believe that philosophers 
generally consider these electricities as really the saipe. But' 
on the other hand it is also true, that the accuracy of Wol¬ 
laston’s experiments has been denied ||, and that one. of them, 
which really is no proof of chemical decomposition'hy com- 

• From the Phil. Trans, for 1833, Part I. This paper was r^ad before 
the Royal Society, Jan. 10 and 17» in the present year. Abstwts of the 
author’s First and Second Series of Experimental Researches intelectrici^/ . 
containing § 1 to 6 6, will be found in Phil. Mag. and Annals, vol. xi» ' 
pp. 445,44?. ^ ^ . 

t Phil. Trans. 1776, p. 196. % I^d. 1801, p. 434.^ 

§ Aminlcs de Chimie, 1826, p. 62, &c. || Phil, Trans. 1832, ||yl62, note. 
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162 Dr. Faraday’s Experimental Researches in Electricity, 

mon electricity (309. 32709 that selected by several 

experimenters as the test of chemical action (336. 3460- It 
is a fact, too, that many philosophers are still drawing distinc¬ 
tions between the electi'icities from different sources; or at 
least doubting whether their identity is proved. Sir Humphry 
Davy, for instance, in his paper on the Torpedo*, thought it 
probable that animal electricity would be found of a peculiar 
kind; and referring to that, in association with common elec¬ 
tricity, voltaic electricity and n)agnetism, has said, Distinc¬ 
tions might be established in pursuing the various modifica¬ 
tions or properties of electricity in these different forms, &c.” 
Indeed I need only refer to the last volume of the Philosophi¬ 
cal Transactions to show that the question is by no means 
considered as settled f. 

266. Notwithstanding, therefore, the general impression of 
the identity of electricities, it is evident that the proofs have 
not been sufficiently clear and distinct to obtain approbation 
from all those who were competent to consider the subject; 
and the question seemed to me very much in the condition 
of that which Sir H. Davy solved so beautifully,—namely, 

• Phil. Trans. 1829, p. 17* ** Common electricity is excited upon non¬ 
conductors, and is readily carried off by conductors and imperfect con¬ 
ductors. Voltmc electricity is excited upon combinations of perfect and 
imperfect conductors, and is only transmitted by perfect conductors or im¬ 
perfect conductors of the best kind. Magncti*ini, if it be a form of elec¬ 
tricity, belongs only to perfect conductors; and, in its modifications, to a 
peculiar class of them^ Animal electricity resides only in the imperfect 
conductors forming the organs of living animals, &c.” 

+ Phil. Trans. 1832, p. 259. Dr, Davy, in making experiments on the 
torpedo, obtains effects the same as those produced by common and voltaic 
electricity, and says that in its magnetic and chemical power it does not 
seem to be essentially peculiar,—p. 274; but he then says, p. 275, |here 
are other points of difference; and after referring to them, adds, “ How 
are these difierences to be explained ? Do they admit of explanation simi¬ 
lar to that advanced by Mr. Cavendish in his theory of the torpedo; or 
may we suppose, according to the analogy of the solar ray, that the elec¬ 
trical power, whether excited by the common machine, or by the voltaic 
battery, or by the torpedo, is not a simple power, but a combination of 
powers, which may occur variously associated, and produce all the varieties 
of electricity with which we are acquainted 

‘ At p. ^9 of the same volume of Transactions is Dr, Ritchie’s paper, 
from which the following are extracts; ** Common electricity is diffused 
over the surface of the metal;—voltaic electricity exists within the metal. 
Free electricity is conducted over the surface of the thinnest gold leaf as 
effectually as over a mass of metal having the same surface;—voltaic elec¬ 
tricity requires thickness of metal for its conduction,” p. 280: and again, 
“ The supposed analogy between common and voluuc electricity, which was 
80 eagerly traced after the invention of the pile, completely fails in this 
case, which was thought to afford the most striking resemblance,” p. 291. 

* Dr. Ritchie has shown this is not the case, Phil. Trans. 1832, p. 294. 
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whether voltaic electricity in all cases merely eliminated, or 
did not in some actually produce, the acid and alkali found 
after its action upon water. The same necessity that urged 
him to decide the doubtful point, which interfered with the 
extension of his views, and destroyed the strictness of his rea> 
soiling, has obliged me to ascertain the identity or difference 
of common and voltaic electricity. I have satisfied myself 
that they are identical, and 1 hope the proofs 1 have to offer, 
and the results flowing from them, will be found worthy the 
attention of the Royal Society. 

267. The various phasnomena exhibited by electricity may, 
for the purposes of comparison, be arranged under two heads; 
namely, those connected with electricity of tension, and those 
belonging to electricity in motion. This distinction is taken 
at present not as philosophical, but merely as convenient. 
The effect, of electricity of tension, at rest, is either attraction 
or repulsion at sensible distances. The effects of electrical 
currents may be considered as 1st, Evolution of heat; 2nd, 
Magnetism ; 3rd, Chemical decomposition ; 4th, Physiologi¬ 
cal phaenomena; 5th, Spark. It will be my object to com¬ 
pare electricities from different sources, and especially com¬ 
mon and voltaic electricities, by their power of producing 
these effects. 

I. Voltaic Electricity, 

268. Tension .— When a voltaic battery of 100 pairs of 
plates has its extremities examined by the ordinary electro¬ 
meter, it is well known that they are found positive and nega¬ 
tive, the gold leaves at the same extremity repelling each other, 
the gold leaves at different extremities attracting each other, 
even when half an inch or more of air intervenes. 

269. That ordinary electricity is discharged by points with 
facility through air; that it is readily transmitted through 
highly rarefied air; and also through heated air, as for in¬ 
stance a flame; is due to its high tension. I sought, therefore, 
for similar effects in the discharge of voltaic electricity, using 
as a test of the passage of the electricity either the galvano¬ 
meter or chemical action produced by the arrangement here- - 
after to be described (312. 316.). 

270. The voltaic battery I had at my disposal consisted of 
140 pairs of plates four inches square, with double coppers. 
It was insulated throughout, and diverged a gold leaf electro¬ 
meter about one third of an inch. On endeavouring to dis¬ 
charge this battery by delicate points very nicely arranged 
and approximated, either in the air or in an exhausted re^ 
ceiver, 1 could obtain no indications of a current, either by 

Y2 
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magnetic or chemical action. In this, however, was found 
no point of discordance between voltaic and common electri- 
' city; for when a Leyden battery (291.) was charged so as to 
deflect the gold leaf electrometer equally, the points were found 
equally unable to discharge it with such eiiect as to produce 
either magnetic or chemical action. This w'as not because 
common electricity could not produce both these effects (307. 
310.), but because when of such low intensity the quantity 
required to make the effects visible (being enormously great 
(371. 375.),) could not be transmitted in any reasonable time. 
In conjunction with the proofs of identity hereafter to be given, 
these effects of points also prove identity instead of difference 
between voltaic and common electricity. 


271. As heated air discharges common electricity with far 
greater facility than points, 1 hoped that voltaic electricity 
might in this way also be discharged. An apparatus was 
therefore constructed (fig. 5.), in which AB is an insulated 

g lass rod upon which two copper wires, C, D, are fixed 
rraly; to these copper wires are soldered two pieces of fine 
platina wire, the ends of which are brought very close to each 
other at e, but without touching; -p. 

the copper wire C was connected ‘ 

with the positive pole of a vol- f) 

taic^battery, and the wire D with —ss®5aji=i2a:ssss:?p^ B 

a decomposing apparatus (312. 

316.), from which the communi- V 

cation was completed to the nega- \ \ 

tive pole of the battery. In these p_\ \ _n 

experiments only two troughs, 

or twenty pairs of plates, were l | — 

used. 


4 


272. Whilst in the state described, no decomposition took 
place at the point a, but when the side of a spirit-lamp flame 
was applied to the two platina extremities at e, so as to make 
them bright red-hot, decomposition occurred; iodine soon 
appeared at the point a, and the transference of electricity 
tmough the heated air was established. On raising the tem¬ 
perature of the points « by a blowpipe, the discharge was ren¬ 
dered still more free, and decomposition took place instantly. 
On removing the source of heat, the current immediately 
ceased. On putting the ends of the wires very close by the 
side of and parallel to each other, but not touching, the effects 
were perhaps more readily obtained than before. On using 
a larger vdltaic battery (270.), they were also more freely ob¬ 
tained. 


273. On removing the decomposing apparatus and inter 
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posing a galvanometer instead, heating the points r .as the 
needle would swing one way, and removing the heat during 
the time of its return (302.), feeble deflections were soon ob¬ 
tained : thus also proving the current through heated air; but 
the instrument used was not so sensible under the circum¬ 
stances as chemical action. 

27*. These effects, not hitherto known or expected under 
this form, are only cases of the discharge which takes place 
through air between the charcoal terminations of the poles of 
a powerful battery, when they are gradually separated after 
contact. Here the passage is through heated air exactly as 
with common electricity, and Sir H. Davy has recorded that 
with the original battery of the Royal Institution this discharge 
passed through at least four inches of air*. In the exhausted 
receiver the electricity would strike through nearly half an 
inch of space, and the combined effects of rarefaction and heat 
was such upon the inclosed air as to enable it to conduct the 
electricity through a sp«ce of six or seven inches. 

275. The instantaneous charge of a Leyden battery by the 
poles of a voltaic apparatus is another proof of the tension, 
and also the quantity, of electricity evolved by the latter., Sir 
H. Davy saysf, “ When the two conductors from the ends of 
the combination were connected with a Leyden battery, one 
with the internal, the other with the external coating, the bat¬ 
tery instantly became charged, and on removing the wires 
and making the proper connexions, either a shock or a spark 
could be perceived: and the least possible time of contact 
was sufficient to renew the charge to its full intensity.” 

276. In motion, i. Evolution of\Heat. —The evolution of 
heat in wires and fluids by the voltaic current is matter of ge¬ 
neral notoriety. 

277. ii. Magnetism. —No fact is better known to philoso¬ 
phers than the power of the voltaic current to deflect the 
magnetic needle, and to make magnets accordmg to certain 
lavis ; and no effect can be more distinctive of an electrical 
current. 

278. iii. Chemical decomposition. chemical powers of 
the voltaic current, and their subjection to certain UmSi are 
also perfectly well known. 

279. iv. Physiological Effects. —The power of the voltaic 
current, when strong, to shock and convulse the whole animal 
system, and when weak to affect the tongue and the eyes, is 
very characteristic. 

280. V. Spark. — The brilliant star of light produced by the 


• Elements of Chemical Philosophy, p. 163. 


t Ibid. p. 154. 
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discharge of a voltaic battery is known to all as the most 
beautiful light that man can produce by art. 

281. That these effects may be almost infinitely varied, 
some being exalted whilst others are diminished, is universally 
acknowledged; and yet without any doubt of the identity of 
character of the voltaic currents thus made to differ in their 
effect. The beautiful explication of these variations afforded 
by Cavendish’s theory of quantity and intensity requires no 
support at present, as it is not understood to be doubted. 

282. In consequence of the comparisons that will hereafter 
arise between wires carrying voltaic and ordinary electricities, 
and also because of certain views of the condition of a wire or 
any other conducting substance connecting the poles of a vol¬ 
taic apparatus, it will be necessary to give some definite view 
of what is called the voltaic current, in contradistinction to any 
supposed peculiar state of arrangement, not progressive, which 
the wire or the electricity within it vay be supposed to as¬ 
sume. If two voltaic troughs PN, P'N', fig. 1. be symmetri- 

Fig. 1. 




cally arranged and insulated, and the ends NP' connected by 
a wire, over which a magnetic needle is suspended, the wire 
will exert no effect over the needle; but immediately that the 
ends PN' are connected by another wire, the needle will be 
deflected, and will remain so as long as the circuit is complete. 
Now if the troughs merely act by causing a peculiar arrange¬ 
ment in the wire either of its particles or its electricity, that 
arrangement* constituting its electrical and magnetic slate, 
then the wire NP' should be in a similar state of arrangement 
before P and N' were connected, to what it is afterwards, and 
should have deflected the needle, although less powerfully, 
perhaps to one half the extent which would result when the 
communication is complete throughout. But if the magnetic 
effects depend upon a current, then it is evident why they 
could not be produced in any degree before the circuit was 
complete; because prior to that no current could exist. 

283. By current^ 1 mean anything progressive, whether it 
be a fluid of electricity, or two fluids moving in opposite di¬ 
rections, or merely vibrations, or, speaking still more ge- 
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nerally, progressive forces. By arrangement^ I understand a 
local adjustment of particles, or fluids, or forces, not progres- 
• sive. Many other reasons might be urged in support of the 
view of a current rather than an arrangement but I am 
anxious to avoid dilating unnecessarily upon what can be 
supplied by others at the moment 

II. Ordinary Electricity/. 

284. By ordinary electricity I understand that which can 
be obtained from tne common machine, or from the atmo¬ 
sphere, or by pressure, or cleavage of crystals, or by a mul¬ 
titude of other operations; its distinctive character being that 
of great intensity, and the exertion of attractive and repulsive 
powers, not merely at sensible but at considerable distances. 

285. Tension. The attractions and repulsions at sensible 
distances, caused by ordinary electricity, are well known to 
be so powerful in certain cases, as to surpass, almost infinitelv, 
the similar phaenomena produced by electricity, considered as 
of other kinds. But still those attractions and repulsions are 
exactly of the same nature as those already referred to under 
the head Tension^ Voltaic electricity (268.); and the difference 
in degree between them is not greater than often occurs be¬ 
tween cases of ordinary electricity only. I think it will be 
unnecessary to enter minutely into the proofs of the identity 
of this character in the two instances. They are abundant; 
are generally admitted as good; and lie upon the surface of 
the subject: and whenever in other parts of the comparison 
I am about to draw, a similar case occurs, I shall content my¬ 
self with a mere announcement of the similarity, expanding 
only upon those parts where the great question of distinction 
or identity is still controverted. 

286. The discharge of common electricity through heated 
air is a well-known fact. The parallel case of voltaic electri¬ 
city has already been described (272, &c.). 

287. In motion, i. Evolution Heat. The heating power 
of common electricity when passed through wires or other 
substances, is perfectly well known. The accordance between 
it and voltaic electricity is in this respect complete. Mr. 
Harris has constructed and described* a very beautiful and 
sensible instrument on this principle, in which the heat pro¬ 
duced in a wire by the discharge of a mefe spark of common 
electricity is readily shown, and to which I shall have occa- 

* Philosophical Transactions, 1827, p> 18. Edinburgh Transactions,! 831. 
Harris on a New Electrometer, &c. &c. 
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sion to refer for experimental proof in a future part of this 
paper (SM.). 

288. ii. Magnetism. Voltaic electricity has most extraor- • 
dinary and exalted magnetic powers. If common electricity 
be identical with it, it ought to have the same powers. In 
rendering needles or bars magnetic, it is found to agree with 
voltaic electricity, and the direction of the magnetism, in both 
cases, is the same; but in deflecting the magnetic needle, 
it has been found deficient, so that sometimes the power 
has been denied altogether, and at other times distinctions 
have been hypothetically assumed for the purpose of avoid¬ 
ing the difficulty*. 

289. M. CoUadon, of Geneva, considered that the difference 
might be due to the use of insufficient quantities of common 
electricity in all the experiments before made upon this point; 
and in a memoir read to the Academic des Sciences in 1826f, 
describes experiments, in which, by the use of a battery, points, 
and a delicate galvanometer, he succeeded in obtaining de¬ 
flections, and thus establishing identity in that respect. MM. 
Arago, Ampere, and Savary are mentioned in the paper as 
having witnessed a successful repetition of the experiments. 
But as no second witness of these effects has come forward, 
MM. Arago, Ampere, and Savary, not having themselves 
published (that I am aware of,) their acceptance of the results, 
and as others have not been able to obtain the eflects, M. Col- 
ladon’s conclusions have been by some doubted or denied; 
and an important point with me was to establish their accu¬ 
racy, or remove them entirely from the received body of ex¬ 
perimental evidence. I am happy to say that my results fully 
confirm those by M. CoUadon, and 1 should have had no oc¬ 
casion to describe them, but that they are essential as proofs 
of the accuracy of the final and general conclusions I am 
enabled to draw respecting the magnetic and chemic.al action 
of electricity, (360. 366. 367. 377. &c.). 

290. The plate electrical machine 1 have used is fifty inches 
in diameter; it has two sets of rubbers; its prime conductor 
consists of two brass cylinders connected by a third, the whole 
length being twelve feet, and the surface in contact with air 
about H22 square inches. When in good excitation, one re¬ 
volution of the plate will give ten or twelve sparks from the 
conductors, each an inch in length. Sparks or flashes from 
ten to fourteen inches in length may easily be drawn from the 

* Demonferrand’s Manwl Electridte dymmique, p. 121. 

f Annates de Chimict xxxiii. p. 62. 
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conductors. Each turn of the machine^ when worked mo* 
flerately, occupies about ^ths of a second. 

a91. The electric battery consisted of fifteen equal jars. 
They are coated eight inches upwards from the bottom, and 
are twenty-three inches in circumference, so that each contains 
one hundred and eighty-four square inches of glass, coated 
on both sides, independent of the bottoms, which are thicker 
glass, and contain each about fifty square inches.' . 

292. A good discharging train was arranged by connecting 
metallically a sufficiently thick wire with, first, the metallic 
gas pipes of the house, then with the metallic gas pipes be¬ 
longing to the public gas works of London; and finally, with 
the metallic water pipes of London. It was so effectual as to 
carry off instantaneously electricity of the feeblest tension, 
even that of a single voltaic trough, and was essential to many 
of the experiments. 

293. The galvanometer was one or the other of those 
formerly described (87. 205.), but the glass jar covering it and 
supporting the needle was coated inside and outside with tin- 
foil, and the upper part (left uncoated, that the motions of 
the needle might be examined,) was covered with a frame of 
wire-work, having numerous sharp points projecting from it. 
When this frame and the two coatings were connected with 
the discharging train (292.), an insulated point or ball, con¬ 
nected with the machine when most active, might be brought 
within an inch of any part of the galvanometer, yet without 
affecting the needle within by any ordinary electrical attrac¬ 
tion or repulsion. 

294. In connexion with these precautions, it may be neces¬ 
sary to state that the needle of the galvanometer is very liable 
to have its magnetic power deranged, diminished, or even in¬ 
verted by the passage of a shock through the instrument. K 
the needle be at all oblique in the wrong direction to the coils 
of the galvanometer, when the shock passes, effects of this 
kind are sure to happen. 

295. It was to the retarding power of bad conductors, that 
1 first looked ‘with the ho|)e of being able to make common 
electricity assume more of the characters and power of voltaic 
electric!^, than it is usually supposed to have. 

296. The coating and armour of the galvanometer were 
first connected with the discharging train (292.); the end B 
(87.) of the galvanometer wire was connected with the out¬ 
side coating of the battery, and then both these with the dis¬ 
charging train; the end A of the galvanometer wire was con¬ 
nected with a discharging rod by a wet thread four feet long; 

Third Series. Vol. 3. No. 15. Sept. 1833. Z 
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and finally, when the battery had been positively charged by 
about forty turns of the machine, it was discharged by the 
rod and the thread through the galvanometer. The needle 
immediately moved. 

297< During the time that the needle completed its vibra¬ 
tion in the first direction and returned, the machine was 
worked, and the battery charged; and when the needle in 
vibrating resumed its first direction, the discharge was again 
made through the galvanometer. By repeating this action a 
few times, the vibrations soon extended to above 40° on each 
side of the line of quiescence. 

298. This effect could be obtained at pleasure. Nor was 
it varied, apparently, either in iiirection or degree, by using 
a short thick string, or even four short thick strings in place 
of the long fine thread. With a more delicate galvanometer, 
an excellent swing of the needle could be obtained by one 
discharge of the battery. 

299. On reversing the galvanometer communications so as 
to pass the discharge through from B to A, the needle was 
equally well deflected, but in the opposite direction. 

300. The deflections were in the same direction as if a vol¬ 
taic current had been passed through the galvanometer, i. e. 
the positively charged surface of the electrig battery coincided 
with the positive end of the voltaic apparatus (268.), and the 
negative surface of the first with the negative end of the 
latter. 

301. The battery was then thrown out of use, and the com¬ 
munications so arranged that the current could be passed from 
the prime conductor, by the discharging rod held against it, 
through the wet string, through the galvanometer coil, and 
into the discharging train (292.), by which it was finally di¬ 
spersed. This current could be stopped at any moment, by 
removing the discharging rod, and either stopping the ma¬ 
chine or connecting the prime conductor by another rod with 
the discharging train; and could be as instantly renewed. 
The needle was so adjusted,.that whilst vibrating in moderate 
and small arcs, it required time equal to twenty-five beats of 
a watch to pass in one direction through the arc, and of course 
an equal time to pass in the other direction. 

302. Thus arranged, and the needle being stationary, the 
current, direct from the machine, was sent through the 
gfdvanometer for twenty-five beats, then interrupted for 
other twenty-five beats, renewed for twenty-five beats more, 
again interrupted for an equal time, and so on continually. 
The needle soon began to vibrate visibly, and after several 
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alternations of this kind, the vibration increased to 40° or 
more. 

303. On changing the direction of the current through the 
galvanometer, the direction of the deflection of the needle was 
also changed. In all cases the motion of the needle was the 
same in direction as that caused by the use of an electric bat¬ 
tery or a voltaic trough (300.). 

304. 1 now rejected the wet string, and substituted a cop¬ 
per wire, so that the electricity of the machine passed at once 
into wires communicating directly with the discharging train, 
the galvanometer coil being one of the wires used for the 
discharge. The 'effects were exactly those obtained above 
(302.). 

305. Instead of passing the electricity through the system, 

by bringing the discharging rod at the encf of it into contact 
with the conductor, four points were fixed on to the rod; 
when the current was to pass, they were held about twelve 
inches from the conductor, and when it was not to pass, they 
were turned away. Then, except with this variation operat¬ 
ing as before (302.), the needle was soon powerfully deflected, 
and in perfect consistency with the former results. Points 
afforded the means by which Colladon, in all cases, made his 
discharges. « 

306. Finally, I passed the electricity first through aii ex¬ 
hausted receiver, so as to make it there resemble the aurora 
borealis, and then through the galvanometer to the earth; 
and it was found still effective in deflecting the needle, and 
apparently with the same force as before. 

307. From all these experiments, it appears that a current 
of common electricity, whether transmitted through water or 
wire, or rarefied air, or by means of points in common air, is 
still able to deflect the needle; the only requisite being, ap- • 
parently, to allow time for its action: that it is, in fact, just as 
magnetic in every respect as a voltaic current, and that in this 
character therefore no distinction exists. 

308. Imperfect conductors, as water, brine, acids, &c. &c. 

■ will be found far more convenient for exhibiting these effects 
than other modes of discharge, as by points or balls; for the 
former convert at once the charge of a powerful battery into 
a feeble spark, or rather continuous current, and involve little 
or no risk of deranging the magnetism of the needles (294.). 

[To be continued.] 


Z2 



[ 172 ] 


XX XI I. On the Ir^ection of Lights in Reply to Professor 

Powell. By John Barton, Esq,* 

T AM much indebted to Professor Powell for the candid 

and friendly manner in which he has commented on the 
objections to the undulatory theory of light, which 1 adduced 
in my former communication. On the present occasion I 
propose, first, to make a few remarks in explanation or justifica¬ 
tion of what 1 before advanced; and then to suggest another 
hypothesis, which 1 persuade myself is capable of explaining 
the phenomena of inflection more completely and satisfactorily 
than that of Fresnel. 

The first question at issue between the undulationists and 
myself relates to a matter of fact. Newton found that when 
a beam of light fl suffered to fall on a very narrow slit, the 
beam parts in the middle, leaving a dark space between the 
two portions into which it is divided. This result agrees with 
my own observation. Professor Airy, on the contrary, finds 
the centre of the spectrum always relatively bright, however 
narrow the slit through which the light passes. 1 have no 
wish to disparage Professor Airy’s authority; but I must be 
permitted to prefer the testimony of my own senses, sup¬ 
ported as it is by the observations of Newton, and even, 1 
think I may add, by the observations of Professor Powell. 
For although this gentleman has not succeeded in reproducing 
the phenomena under the exact form described by me, and 
delineated in my last communication, he has said enough to 
convince every one who reflects on the subject, of the possibi¬ 
lity of so succeeding when the experiment is repeated with due 
precaution*. “When,” says he, “the edges approached very 
nearly, I observed something like the appearance described 
by Mr. Barton, but with this difference, that the boundaries 
of the dark space, instead of being continuous, diverged cither 
way into the shadow in hyperbolic lines,” Now, I am sure that 
if Professor Powell will reconsider the question, he will see 
that, from the nature of the hyperbola, there must, on his own 
showing, be a certain width of interval between the two knife- , 
blades, giving a result such as 1 have described. In fact, it 
is easy, from the hyperbolic form of the lines, combined with 
Newton’s observation that the dark space begins to appear 
when the interval between the two blades is less than the four- 
hundredth part of an inch, to assign the precise distance at 
which the blades must be placed, and the degree of curvature 
they must possess, in order to give a dark space of any re¬ 
quired figure and dimensions. I need not dwell on this point, 

* Communicated by the Author: sec our preceding volume, p. 434. 



Mr. Barton om the h^ction of Light. 17S 

since the details of the computation will be readily supplied 
by any one versed in mathematics. But I may add, that if 
Professor Powell will employ blades of less curvature, he will 
find the experiment succeed more readily. Those employed 
by him in repeating my experiment had, if I do not mistake, 
so inconsiderable a radius of curvature as to reduce the di¬ 
mensions of the dark space within a limit too small to be con¬ 
veniently observed. 

It would seem, indeed, from his subsequent observations, 
that Professor Powell is not quite sure whether to admit or 
not the correctness of Newton’s observation; for after saying 
that he cannot succeed in obtaining the results described by 
me, he goes on to assign certain considerations which may 
serve, he thinks, to reconcile the phaenomena with the undu- 
latory hypothesis, even supposing the facts to be such as I have 
asserted. The formula; of Fresnel, he says, always suppose 
the opening through which the light enters the darkened 
chamber to be a mathematical point: whereas Newton em¬ 
ployed for this purpose a hole a <]uarter of an inch in breadth. 
But the experiment succeeds with me equally well, whether 
the opening in question be large or small, while it fails equally 
in either case with Professor Airy; this cannot, therefore, be 
the source of the different results‘obtained by us. Indeed it 
appears quite incredible that the enlargement or contraction 
of the aperture by which the light enters the chamber can 
produce a difference of such a kind as supposed by Professor 
Powell. 'L'hat a change in the Amensions of the aperture 
should affect the breadth or intensity of the dark space may 
be readily imagined; but that such a change should convert 
light into darkness appears inconceivable. 

The second observation of Professor Powell under this 
head I am apprehensive 1 do not fully comprehend. He says, 
“ It results from the well-known fact of the enlargement of the 
shadows of the two edges beyond their geometrical boundaries, 

that these shadows will coalesce before the edges meet;.and 

this seems very likely to have been the real result obsei'ved by 
Newton.” Surely the formulae of Fresnel are intended to 
comprise the,whole of the phenomena, including among the 
rest that enlargement of the shadow to which Professor Powell 
alludes. If so, it cannot be allowable to employ this enlarge¬ 
ment as an after correction to the results of calculations de¬ 
duced from those formulae. 

With regard to another objection advanced by me against 
the theory of Fresnel,—its inconsistency with the observa¬ 
tions of Newton and Biot on the distance at which the first of 
the dark bands cross one another in the centre of the spec- 
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trum,—Professor Powell thinks these observations not to be 
relied on, as being of earlier date, and perfora^d with ap¬ 
paratus less susceptible of accuracy than that employed by 
Fresnel. 1 must observe, however, that the question at issue 
does not rest on the comparative accuracy of the methods of 
observation employed. Fresnel has not recorded any experi¬ 
ments made under circumstances similar to those which gave 
to Newton and Biot results so much at variance with his 
theory. He examined in two cases only the distance at which 
the first dark bands are found to intersect. In these two cases 
the width of the slit was, respectively, two millimetres, and one 
millimetre and a half*; whereas the discordant results given 
by the observations of Newton and Biot relate to widths be¬ 
low one millimetre, or the twenty-fifth part of an inch. Even, 
therefore, if the observations of Fresnel were as far superior 
in accuracy to those of his predecessors as Professor Powell 
assumes, it would not be decisive in favour of his theory. 
But I confess I cannot see any sufficient ground for attri¬ 
buting to the observations of Fresnel such unmeasured supe¬ 
riority as has been supposed. I cannot think that if Fresnel 
deserves all confidence to the hundredth part of a millimetre, 
Newton and Biot are unworthy of being trusted to the tenth 
part of a millimetre, as Professor Powell’s reasoning implies. 
1 cannot think that the accuracy of diflerent series of ob¬ 
servations is to be estimated solely by their relative antiquity. 
Fresnel certainly introduced one important improvement into 
the method of observation ^he received the rays on a lens, 
instead of receiving them on a sheet of paper, like Newton, or 
on a piece of roughened glass, like Biot: he was thus enabled 
to measure the intervals between the fringes by & micrometer, 
—a method which admits of greater accuracy than the earlier 
method of taking off the distance by a pair of compasses. 
But let it be observed that in the particular class of plimiio- 
inena at present under consideration, the advantage gained 
by this improvement in the method of observation ceases al¬ 
together; since the question relates, riot to the width of the 
interval between two fringes, but to the place of their inter¬ 
section. With regard to another important po^nt, the mea¬ 
surement of the width of the slit, there is some reason to think 
Newton’s method of observation preferable to Fresnel’s. I do 
not, indeed, find in Fresnel’s memoir any account of the 
manner in which this was accomplished in his experiments; 
but Newton has described the method employed by himself. 
Having placed his knife-blades with their edges (which were 

* Mt moiret de I’lmtUut, tome v. pp, 398 an.l 437. 
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ground truly straight,”) facing each other, and their points 
meeting at a^ven small angle, he computed the interval be¬ 
tween them M any distance from that angle, by the problem 
of similar triangles. This method appears susceptible of 
greater accuracy than any process of direct measurement. 
If, therefore, Fresnel emplo}/ed some such direct means, I 
should be disposed to place greater confidence in the observa¬ 
tions of Newton, who was no less remarkable for accura^ as 
an experimentalist than for genius as a mathematician. Pro* 
fessor Airy, indeed, finds Newton’s measurements bad, be¬ 
cause, ** according to theory, when the breadth of the aper¬ 
ture is very small, the distance should vary as the square of 
the breadth,” which is not found to be the case in Newton’s 
observations. But I would ask, Is not this taking for granted 
the very thing to be proved ? When we are seeking to bring 
to test the soundness of a theory by comparing it with the re¬ 
sults of observation, can it be allowable to measure the ac¬ 
curacy of those very observations by their accordance or dis¬ 
cordance with the theory in question i* 

The results obtained by Newton and Biot display, I think, 
strong internal evidence that their discrepancy with the theory 
of Fresnel is not attributable solely to errors of observation. 

It will be observed, on examining those results, that when the 
width of the slit exceeds the thirtieth part of an inch, or there¬ 
abouts, the observations are not greatly at variance with 
the theory; but in proportion as the width is reduced below 
this limit, the discordance between theory and observation 
increases; and at length, when the width is less than the four- 
hundredth part of an inch, it becomes a difference, not only 
in degree, but in kind; the theory indicating that the spectrum 
should be brightest at the centre, while observation shows 
that this centre is quite dark. Looking at this progressively * 
increasing discrepancy between the conclusions of tlieory and 
the observed phaenomena, it is difficult to avoid suspecting 
that it depends on some defect in the theory itself. 

In addition to these objections to the theory of Fresnel, 
founded on its want of agreement with observed phenomena, 

I suggested, in my former communication*, an objection of 
another kind. I endeavoured to show that the origin of 
the undulations supposed to constitute light is placed in this 
theory at a wrong point Fresnel and his followers placed this 
origin at the point of intersection—whether a pin-hole through 
which the rays enter the darkled chamber, or the focus of 
a lens occupying the same position. To me it appears that 

• See Load, and Edinb. Phil. Mag. vol. ii. p. 263.— IJdit. 
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the true origin of the undulations should be placed at the sun’^ 
surface. I am sure, from the language of Pro^sor Powell’s 
reply, tliat I did not explain mysdf on this he*so fully and 
explicitly as I ought. He says, “ If the aperture be very small, 
it is shown by theory that the new wave diverging from it, 
which is produced by the sum of all the small waves belonging 
to the original waves from RR', &c., will be equally strong in 
all directions; and A in this case is the real centre and origin 
from which the new undulations commence.” 

In our sun, it is no doubt true, as observed by Professor 
Powell, that the wave diverging from the point of intersection 
is produced by th^ sum of all the small waves belonging to 
the ori^nal waves from RR' &c.” It is no doubt true, on the 
princi{dcs of the undulalory theory, that the particles of aether 
composing the wave R'A, on arriving at the point A are agi¬ 
tated by a multitude of impulses derived from other points 
of the sun’s surface; the succeeding portion AY may there¬ 
fore be considered as the joint result of all these impulses. But 
inasmuch as the disturbing forces in question are infinite in 
number, and infinitely various in force and direction, they 
completely counteract each other’s operation; and the practi¬ 
cal result is, that the wave emanating from the point R' goes 
forward to its ultimate destination at Y, precisely as if it had 
not been crossed in its path by any other rays whatever. Such 
at least was the doctrine of Huygens, the great author of the. 
undulatory theory. If the undulationists of the present day 
have seen it necessary to abandon or modify the principles of 
their master, it appears incumbent on them to assign some 
reason for the change, and to show how it may be reconciled 



with the laws which are admitted to regulate the undulations 
of elastic media. 

According to Young, the point Y will always be of double 
brightness if the paths of the* two rays AY, AKY differ in 
length by an integral number of undulations. But it is evident 
that the chances are infinite against the two rays RA, R'A, 
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arriving at the point A in the same state: their conditions 
must be as diversified as the lengths of the paths which they 
have severally traversed in arriving from the sun. What 
then is the nature of the force which operates upon them at 
A, the point of intersection, to bring them, or one of them, 
into a*new condition? Suppose, for instance, that the wave 
forming the ray RA, on arriving at the point A, happens 
to be at its maximum of advance, while tiie wave forming 
the ray R'A, on arriving at the same point, happens to be 
at its maximum of retrogression. By the theory of Huygens, 
each will go forward in its course (jnite independently, as 
if the other did not exist. How happens it, then, that on 
arriving at K and K' they are found in one and the same 
state ? One or both of them must have experienced an ac¬ 
celeration, or a retardation, such as to make up together 
the length of half an undulation. How has this been accom¬ 


plished ? 

In the theory of Young, respect is had only to the two rays 
RA, R'A, on whose interference the colour of the point Y is 
supposed to depend. In the theory of Fresnel, the new wave 
diverging from A is supposed, as Professor Powell truly says, 
to be produced by the sum of all the small waves belonging 
to the original waves from R R', &c. But this, though a more 
accui'ate way of stating the question than Young’s, gives in 
practice very nearly the same results; inasmuch as those parts 
only of the wave entering the chamber which follow the di¬ 
rection of the lines AY, AKY, do in fact constitute (ffcciual 
rays (“ rayons efficaces”), a's Fresnel has himself observed. 
It is essential to his theory that every part of the hemispheri¬ 
cal wave K'K should be found in one and the same condi¬ 


tion, as it is to the theory of Young that the two individual 
rays should be found in like condition at K' and K. The 
simple question which I would ask of the undulationists is, 
how has this equality of condition been brought about ? I do 
not see how it is possible; on their theoiy, to give an answer to 
this question. 

Hi however, we suppose light to consist of material par¬ 
ticles, endued with a mutually repulsive force, and so consti¬ 
tuting an elastic fluid of great tenuity, the question just pro¬ 
posed may be solved without difficulty: for that such a fluid 
in passing through a narrow aperture, when pressed against 
an opposing surface, will be thrown into a series of undulatory 
movements, may be shown, I think, either by reference to the 
known laws of the motion ‘of fluids, or by direct experiment. 
Take a tube, an inch or more in diameter, closed at one end, 
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excepting a small orifice or slit, and blow strongly through 
it against the flame of a candle. The flickering motion of the 
flame will show that the air does not issue from the orifice in 
an uniform stream, but in a succession of rapidly alternating 
movements. This fact was observed by Dr. Young, and de¬ 
scribed by him in a paper published in the Philosophical 
Transactions for 18tX). The mode of observation that he 
employed was, indeed, somewhat different from that here de¬ 
scribed : he contrived to render the issuing current of, air vi¬ 
sible by combining it with smoke. If the pressure is increas¬ 
ed, a whistling sound is produced; affording another kind of 
proof that the air in passing through the orifice is thrown into 
a state of undulation. 

Now, if the particles of light be supposed to constitute an 
elastic fluid, it is evident that a phaenomenon of the same 
kind must take place whenever a stream of this fluid impinges 
upon a narrow aperture; and in this case the formulae of 
Fresnel will be applicable^ with some modification, to the hy¬ 
pothesis here proposed, as well as to the hypothesis which 
supposes light to consist in the vibrations of an imaginary 
aether; and with this advantage, that an obvious reason is 
assigned why the undulations are found to have their origin 
at the aperture by which the light enters: for which no rea¬ 
son, as it appears to me, can be given on the opposite theory. 

By the help of the same principle it might also be ex¬ 
plained, I think, why a beam of light passing through a very 
narrow slit, is separated into two portions, leaving a dark 
space between them; and why the formuhc of Fresnel are 
found to fail in approaching this limit. But it would, per¬ 
haps, be out of place at present to enlarge on these questions, 
which are not likely to excite much interest while the theory 
on which they rest is not yet recognised or established. I 
could bring forward other considerations in abundance which 
appear to me decisive against the undulatory hypothesis; but 
it seems preferable thoroughly to irivestigate and discuss, in 
the first instance, the circumstances of one or two classes of 
phicnomena, rather, than to lose ourselves in a wider circle 
of reasoning. 

I cannot conclude without again expressing my sense of the 
friendly spirit in which Professor Powell has criticized my 
former observations. 1 should be fastidious indeed, if I did 
not perceive and acknowledge that his remarks deserve to be 
considered in no other light than as intended, and as calcu¬ 
lated, “ to promote the common cause of scientific truth." 
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XXXIIl. On Bernoulli’s Solution of the Problem of {Shortest 
Twilight. ByT. S. Davies, Esq. F.R.SS. L. 4* -E., F.R.A.S.t 

4'C.* 


^'^HE problerh of the shortest twilight was first solved, and 
very elegantly too, by Nunez, in a little quarto tract of 
142 pages, printed at Lisbon in 1542; and it has engaged the 
attention of many distinguished authors since that time.'John 
and James Bernoulli as well as D’Alembert and L’Hopital 
discussed the problem: but the researches of the two ill us- 
trious brothers are nowhere, that 1 know of, to be found in print. 
The result is, indeed, stated in one of John Bernoulli’s letters 
to the Journ. des Sava?is: but he says nothing that can lead us 
to discover the particular details of his solution. He how¬ 
ever certainly bestowed a good deal of trouble upon it; as he 
says, “,7’ai resolu le probleme de trouver geometriquement le 
jour du plus petit crepuscule,, ce qui a occupe mon frercy Projes- 
scur de Mathematique a Bdle^ et moi^ depuis plus de cinq 
ans, sans en pouvoir venir d bout.” He tells us, too, that he 
effected his solution by means of the differential calculus. 
D’Alembert, in the Encyclopedie Methodique (Art. Cnkpus- 
cule), undertook to give a complete solution on the supposed 
plan of Bernoulli: but he obtained also an equation of the 
fourth degree, the roots of which embarrassed him considerably. 
Two of the roots, it is true, he dismissed from his formula 
pretty readily; but not, as it appears to me, upon grounds alto¬ 
gether satisfactory. He does not attempt to show either how 
they came there or what was their actual signification; nor 
does he even attempt to do so with the remaining root of the 
remaining pair, though he employs more than three folio co¬ 
lumns in showing (by special instead of general reasonings) 
that it does not belong to the minimum, and he even says, 
and attempts to prove, that it does not refer to the maximum 
twilight problem. 

The intricacy of D’Alembert’s solution seems to have de¬ 
terred successive geometers from attempting to develop in a 
mare advantageous form the probable, method of Bernoulli, 
these being the only solutions (L’Hopital’sperhaps excepted, of 
which 1 cannot speak, not having his book within reach,) 

' which 1 have found, in which the modern method of maxima 
and minima is employed. Every other solution with which 
I am acquainted proceeds upon certain geometrical considera¬ 
tions derived from the nature of the figure itself rather than 
from the equations of th9 problem: and it must be admitted 
that in point of facility these have very considerably the ad- 


* Communicated by the Author. 
2 A 2 
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vantage over the other method. Had, therefore, the mere so¬ 
lution of the problem been the object to be principally sought 
for, there can be no doubt that it is already rendered as simple 
as it ever can be; and a very ample list of such solutions may 
be consulted in Professor Leybourn’s edition of that valuable 
but unpretending little periodical, the Ladies’ Diary, vol, iv. 
p.314. We find there the solutions of Messrs. Ivory, Wallace, 
and Skene, as well as the very amplified discussions of De- 
lambre, as given both in his Astronomic, and in his Histoire 
de VAstronomic Anciennc. Two other solutions by Hachette, 
■printed in the Correspondence of the Polytechnic School, 
vol. ii.; and others still, by Keill, Lemonnier, Maupertuis, 
Emerson, Mauduit, Cagnoli, &c., may be found in the respec¬ 
tive writings of those authors. AH these, however, are of the 
kind which may be called geometrical, in contradistinction to 
the method of Bernoulli and D’Alembert. 

Of these, Mr. Skene’s is the only pne which takes the pro¬ 
blem in the more general form, in which another almacantar 
is substituted for the horizon of the common problem; and 
his solution is truly elegant as a specimen of the method of re¬ 
search which he adopted. . Unfortunately it confined him to 
the sitdple question of the minimum, and he also was thereby 
led to gjve an incomplete solution, compared with that fur¬ 
nished by the calculus. The two cases, the maximum and the 
minimum, are so intimately connected that they present them¬ 
selves naturally as the extreme cases of the question, When the 
duration of tmlight is given, tofnd the declination’, and they 
appear together in the same final equation interwoven in a 
single formula, and demanding in all respects equal attention. 
On this account, elegant as the solution of Mr. Skene is, it 
does not remove the necessity for reconsidering the problem 
under another aspect. 

Some time ago, when composing a paper (since published 
in vol. xii. of the Edinburgh Transactions,) on the application 
of great-circle co-ordinates to the investigation of spherical 
loci, I was led to examine a considerable number of those 
problems which had been subjects of discussion, by the older 
methods of treating spherical curves-»-and the problem of 
shortest twilight amongst the rest. As, however, that pro¬ 
blem did not properly appertain to my plan, I relinquished the 
inquiry for others more interesting to me at that moment, and 
laid aside the few memoranda which 1 had made concerning it. 
A day or two ago my attention was accidentally recalled to 
the subject; and as in those memoranda the problem had been 
viewed under its most general aspect, and the true character 
of all the roots of the equation assigned,—as, moreover, the 
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problem is one of some historical celebrity, and its solution 
calculated to enforce an important truth,—on all these ac¬ 
counts its occupyinjT a place in the Philosophical Magazine 
may perhaps be justified. 

Problem. —Let EHRQ be the horizon of the place ; Z the 
zenith; V the pole; the equator; MUP', LNT any two 
almacantars; LNPM a circle of declination i then it is re¬ 
quired to fnd the position or polar distance of LN PM, so that 
the arc of it intercepted hetwem the given almacantars may be 
a maximum or a minimum. 

Such is the more general geometrical statement of the pro¬ 
blem in the aspect under which 
the Bernoullis viewed it: the 
angle NPP' is the measure of 
the time elapsed between the 
sun’s passing the two almacan¬ 
tars. In the common problem 
for one of these almacantars is 
substituted the horizon itself. 

Let NP' he the intercepted 
portion of the circle of declina¬ 
tion. Denote the colatitude, or 
PZ, by X: put g, , g„ the sphe¬ 
rical radii of the circles LRN, 

LTN, and MUP'respectively: 
and denote the angles ZPF and ZPN by and 6,. Then, 

a §J~ cos g cosX 

s. = cos * —- 

sin § sin X 





'll 


sin g sin X 

From which we have the polar angle or measure of the time, 


. . , _ cos g..—cos e cos X 

" ‘ sin g sm X 


1 cos e,—cos e cos X 
— cos^” — — 

sin g sin X 


( 1 ) 


But that the time may be a maximum or a minimum, we must 
have 


{ 


COS 


cos 


cos cos g cos X. 
sin g sin X 

1 _ cos g; — cos g cos X 
sin g sin X 


}=0 


( 2 ) 
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In this expression ^ is the variablej and the difierentiation 
being performed with respect to it, we have, after transposition. 


(cos X — cos q, cos g) cosec g 




(S) 


(sin*A — cos* 5 /) + 2cos g^cos A cos g— cos*g 

_ (cos A — cos g„ cos g) cosec g 
v'sin* A — cos*g,( + 2 cos g^cos Acos g—cos®g 

Squaring these to take the radical from the denominator, and 
transposing all to one side, it takes the form 

a ( (cos A — cos Q, COS qY 

0 = COSeC*g< ^ -—---=— 

^ I Sin * A— cos g + 2 cos A cos gy cos g—cos* g 

(cos A — cos g„ cos g)® 1 . 

sin*A — cos*g/,+2cosAcosg„cosg—cosg*J.^ ' 

This expression is probably not much unlike that which 
John Bernoulli obtained, allowance being made for the greater 
generality of its objects and the difference of the notations. 
As, however, he merely describes it, we can only conjec¬ 
ture what it might have been*: at all events it does not 
greatly difler from that given by D’Alembert, in the Encyclo- 
pedie Methodiqiiei Art. CafepuscuLE. Let us now attend to 
the reduction of the factor within the brackets: and first, cross 
multipljT®nd arrange the resulting terms according to the 
powers of cos g; then divide all the terms by cos* q^^— cos* g^: 
our result is 

4 ^ . 1+cosD,cos e,, , . „ „ 

cos*e — 2 cos A-*^'cos*e — sin®Acos®e 

® ’ COSg/+COSg„ ® ® 

- 1 + COS Q cos Q,, , 

+ 2 cos A- ^^ cos g — cos® A; 

cos q, + cos q^^ * 

. which may again be readily changed into 

(1 — sin * g)*+2 cos A. . cos g (1 — cos* g) 

' *■' cosg,+ cosg„ 

— sin* A(l— sin*g) — cos* A ; 
and this is at once converted into 

wn*g^cos*g—2cosA - ^ cosg + cos*A?. (5) 

* cosg,+cosg,, * 3 ' ' 

Insetting instead of the bracketed factor of (4) its value 
given by (5), we have that equation (4) at once transformed 
into • 

cos®g—2 cosA — ^^^-'-^^^'cosg + cos*A = 0 . (6) 

» cosg^+cosg„ * ^ ' 

* Johan. Bernoulli, (^pera Omnia, tome i. p. G4. 





183 


of the Probletn of Shortest Twilight. 

We thus see that the factor sin^^ which arose out of the 
process of finding (5) is really a foreign factor introduced, as 
those factors .so generally are, by elimination: and we see too 
how it aro.se; viz. by Bernoulli and D’Alembert having can- 
' celled the factor cosecfrom equation (4) merely because it 
was a factor of the whole equation. ‘Had this view occurred to 
them, they would have depressed their biquadratic to a qua¬ 
dratic at once, and have escaped the embarrassment created 
by attempting to prove that certain roots contained in it did 
not fulfill the conditions of the problem, and were therefore 
inadmissible. But an important question here arose— what 
is the signification of this result^ and how did it make its ap~ 
pearance intermingled with the proper solution of the problem ? 
It is not enough to take those parts of a result which we can 
readily interpret, and reject all the others as useless or un¬ 
meaning: though such is and always has been so greatly the 
fashion, that scarcely a single author has insisted upon an 
unflinching determination to consider every solution incomplete 
which stops short of this consummation. It will, 1 have no 
doubt, ere long, become a fundamental principle in the philo¬ 
sophy of mathematics—that every part of an algebraical result 
admits of complete interpretation, either by reference to the con¬ 
ditions which were expressed in the fundamental equations, or 
else in the hypotheses, tacitly made {in order' to apply*our trans¬ 
forming operations,) in the various subsequent stages of the so¬ 
lution. It is, however, so much the custom to discard, with¬ 
out consideration or remark, ail such results as do not admit of 
a ready and obvious application to the immediate objects be¬ 
fore us, that facility of interpretation is the rarest of all the fa¬ 
culties of the geometer that we find in any considerable de¬ 
gree developed. No factor ought to be rejected for which a 
satisfactory reason cannot be given, nor ought it to be consi¬ 
deredforeign till the step at which it was introduced, is distinctly 
ascertained : and it bespeaks both a bad taste and unpardon- 
ably negligent habits of research, to leave any part of the final 
equation unexplained, even in the most trivial inquiry which 
may be undertaken *. 

• 

• The valuable discussion and illustrations of this principle, given by 
Mr. Babbage in vol. ii. of the Cambridge Philosophical Transactions, cannot 
be too earnestly recommended to every young mathematician who would 
form a proper taste in the modern analysis, nor too diligently studied by 
every one who aspires to a higher character than that of a mere algebraic^ 
machine. 

With regard, however, to the metaphysical Views entertained by that 
distinguished philosopher, on the relations between the mind and certain 
objects of mental action, as expressed in that paper, I offer no opinion 
Acre, as I shall have occasion to moot that subject in another place. 
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Resolving now the quadratic equation (6), we have 


cos g = cos K 


— cosX 


1 -f cos pf c os p„+sin p, sin 
cos Pi + cos pn 

^cos p, + pn 

cos Pi + cos pn 


^ .... 

cos i Pi + Pii cos i Picsspii 

But the question now naturally arose in D’Alembert’s mind, 
which of these roots belongs to the minimum ? or do they both 
designate minimal 

It is difficult to account for that distinguished geometer over¬ 
looking the simple and common test iurnished by the dif¬ 
ferential calculus itself for deciding this question: it is even 
difficult to conceive how the consideration of the problem it¬ 
self, as presented by the diagram on the globe, slioukl have 
failed to point out to him the proper interpretation of the two¬ 
fold result in our last equation: yet such is the case. He 
devotes considerable space to proving that the lower sign of 
our equation does not answer to a minimum twilight. What 
it does answer to he does not attempt to explain; but he de¬ 
nies that it answers to the maximum. 

The general fact, that functions of one independent va¬ 
riable which do not admit of indefinite increase and dimi¬ 
nution, can never have two maxima without the interme- . 
diate occurrence of a minimum, nor two minima without an 
intermediate maximum, might have guided him to discover 
from the figure itself, that the two roots could not both indicate 
minima; but rather that one of them necessarily indicated the 
time of maximum twilight. However, the common appeal to 
the second differential coefficient determines it at once. For 
differentiating (6), and inserting the values of cos p given in 
(7) in the equation, we have for the test the value of 

cos ^ ‘1^2!+ cos A 

COS Pi +cos pn cos p, -f cos pn 

_ cos A 

cos Pi + cos pii 



the first and third terms of which cancel, and leave, for the 
. test, the sign of 


_ , sm p, sm Pii 

+ cos A - 

cosp, + cosp„ 



We thus see that the problem has never yet been fully solved, 





Rev. J. Challis on the Theory of the BaU-Pendulum. 185 

since the determination of the minimum depends not alone 
upon the choice of the signs + or — in the equation (7), but 
also upon the values of \ and pn. The way in which this 
takes place is too obvious to need any further remark. 

The interpretation, therefore, of Bernoulli’s equation is 
completed and the problem at the same time resolved in the 
most general case that can be proposed on a spherical earth, 
and with a uniform declination for the period of twilight on 
the day in question. It might hence seem that the inquiry, 
in reference to everything of value which it can afford, might 
be properly concluded here. Nevertheless, as the curious pro¬ 
perties which Delambre has deduced, both in his Astronomie 
and in his Histoire de VAstronomic, for the particular case he 
considered, have in several instances remarkable analogies in 
the more general one above discussed, it will not be out of 
place to annex a few of them to the preceding investigation. 

[To be continued.] 


XXXIV. Theory of the Correction to he applied to a Ball- 

Pendulum for the Reduction to a Vacuum. By the Rev. 

J. Challis, Fellow of the Cambridge Philosophical Society*^. 

¥N a previous communication respecting the resistance to 
^ the motion of small spherical bodies in elastic fluidsf, I at¬ 
tempted to explain, entirely from theoretical considerations, 
the manner inwhich the air is acted upon, when a pendulum 
consisting of a small spherical ball suspended by a very slen¬ 
der wire, performs very small oscillations in it; but 1 omitted 
to enter upon any calculation to ascertain the numerical value 
of the correction required for reducing the time of vibration 
in air to that in a vacuum. As the theory there advanced is 
competent to obtain such a result without the aid of experi¬ 
ment, I propose to make this the object of the present com¬ 
munication. 

The following equation was obtained in the'paper referred 
to:— 

Mw* + ?rew® = 2g(M—fx,) {h—x), 

in which M is the mass of the ball, v the velocity of its centre, 
ft, the mass of an equal volume of air, g the force of gravity, 
h—x the vertical descent of the centre of the ball. The equa¬ 
tion without the term is that which was formerly em- 

* Communicated by the Author. 

+ See'bond, and Edinb. Phil. Mag. vol. i. p. 40. 
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ployed in reducing to a vacuum, the effect of the motion of 
the fluid not being taken into account. According to our 
theory m is to be added, in consequence of the simultaneous 
movement of the air with the pendulum. The reasoning led 
to the conclusion that so little change of density takes place ' 
at the surface of the ball, that we may consider the air to be 
put in motion just as if -it were incompressible. The influence 
of the air carried by the suspending wire was neglected in the 
theory. Also the surface of the ball was supposed to be per^ 
fectly smooth, so as to impress no motion on the aerial parti¬ 
cles in the direction of a tangent plane. Hence the air in 
contact with the ball will move in directions normal to its 
surface, and consequently directed to a centre. Because the 
density is very nearly unchanged, the velocity at a given in¬ 
stant will very nearly vary at different points, in a radius 
produced, inversely as the square of the distance from the 
centre. 

These results being admitted, we may proceed to calculate 
m »*. For conceive two straight lines to be drawn at any in¬ 
stant through the centre of the ball, one in the direction of its 
motion, the other in any direction making an angle 6 with the 
first Let the plane of these two lines make an angle ^ with 
a plane through the centre of the ball, at right angles to the 
suspending wire. The velocity of the air at the 4 >oint where 
the latter line meets the surface is v cos d ; and at any point 
P on the line, distant by r from the centre, the velocity is 

tp 

coS $, h being the radius of the ball. The mass of a fluid 

element at P, its density being 1, is 

d r X r d fl X r sin 6 d 

and the nns viva of the fluid in motion, or m is equal to 

cos d^*r®sin 6 drdddf. 

The integral with respect to (P is to be taken from 0 to 2 t, 
with respect to fl from 0 to w, and with respect to r from b 
to infinity. Hence 

mx^ = cos®fl sin Jdfid^ 

= 2ir 6* I?® fl sin d fl 

4«ir6*u® /*dr 


Jr^ 


3 
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It follows that m = 


4?r 6’ 

~ir 


= fif and that 


Hence — 


= 2^ (M—/[*) (k—x). 

vdv - M—It /, 2At\ , 

or / = g jj J = g (l - -fj) very neerly. 

and if P ss the length of the seconds pendulum in air, I in 
vacuum, 

— = - 1 - and / A- ^ ^ 

/ g ■“ jyj , and ^ ^ j. 

The coefficient by which the old correction is to be multi¬ 
plied, is consequently 2. 

M. Bessel has obtained by experiment 1*956 for the value 
of this coefficient. ITie experiments of Mr. Baily (Transac¬ 
tions of Royal Society for 1832, p. 399*,) give I'SG-t for spheres 
inch in diameter, and 1*748 for spheres 2 inches in dia¬ 
meter, and consequently show that the coefficient is different 
for spheres of different diameter. No such difference is re¬ 
cognised either by the present theory, or by that of M. Poisson, 
wno has taken into account the effect of the friction of the 
air against the surface of the ball. The theory of this differ¬ 
ence, therefore, stands in need of further imjuiry. Experi¬ 
ment is the most proper means of determining the amount of 
correction to be applied to the pendulum, but theory com¬ 
bined with it may enable us to determine the causes to which 
the correction is due. 

Papworth St. Everard, Aug. 2,1833. 


XXXV. Characters of some undescribed Genera and Species 
of Araneidae. By John Blackwall, Esq. F.L.S. 

Tribey 1nequitel;e, Latreille. 

Genus, Neriene. 

E yes eight in number, unequal in size, disposed in two 
transverse rows on the anterior part of the cephalothorax; 
the intermediate eyes of both rows form a trapezoid whose 
anterior side is considerably the shortest; the lateral ones are 
placed obliquely, in pairs, each pair being seated on a small 
eminence and geminated; the posterior eyes of the trapezoid 
are larger, and the anterior ones much smaller than the rest. 
Maxillffi strong, inclined towards the lip, slightly dilated at 

* An abstract of Mr. Baily’s paper will be found in Lond. and Edinb. 
Phil. Mag. vol. i. p. 379.— Edit. 

f Communicated by the Author; by whom other undescrihed Arnneida; 
were characterized in onr last Number. 
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the base where the palpi are inserted, and greatly so at the 
apex, which is obliquely truncated externally. 

Lip short, broad, prominent at the apex, and semicircular. 

Legs moderately long and robust; the anterior and posterior 
pairs, which are the longest, equal in length; the third pair 
is the shortest. 

The spiders of this genus fabricate small horizontal sheets 
of web of a slight texture, among coarse herbage, or in cavities 
beneath stones, on the under side of which they take their sta¬ 
tion, in an inverted position, and watch for their prey. 

Neriene marginata. 

Cephalothorax oval and glossy; the anterior part, on which 
the eyes are seated, elevated but obtuse; the posterior part 
de))ressed, with an indentation in the medial line. Mandibles 
strong, armed with, teeth on the inner surface, and inclined 
towards the pectus which is heart-shaped. Maxillm enlarged 
at their apices, and slightly inclined towards the lip. These 
parts arc of a very dark brownish-black colour. Legs and 
palpi provided with erect spines; their colour is reddish- 
brown, with bands of a darker hue. Both of the superior 
tarsal claws are pectinated, and the inferior one is inflected 
near its base. A plain claw, slightly curved, terminates each 
palpus. Abdomen oval, rather convex above, projecting over 
the base of the cephalothorax; the upper part is brownish- 
black bordered by a dentated band of pale brown thickly 
spotted with white, which passes above the spinners, but whose 
continuity is interrupted in front by a black streak intersecting 
it at right angles; a series of curved, angular lines of a pale- 
brown colour, minutely spotted with white, extends along the 
middle; their convexity is towards each other, and their apices 
are directed forwards. Sides and under part of the abdomen 
brownish-black, marked with a few white spots, four minute 
ones, describing a large quadrangle, occurring on the latter. 
Plates of the spiracles dark red-brown. 

Length, from the anterior part of the cephalothorax to the 
extremity of the abdomen, /^ths of an inch; length of* the ce¬ 
phalothorax ; breadth ; breadth of the abdomen ; 
length of an anterior leg y; length of a leg of the third pair 

The male resembles the female in colour, and in the rela¬ 
tive length of its legs, but the absolute length of those organs 
is greater, an anterior one measuring ^th of an inch. The 
third and fourth joints of the palpi are short, the latter, which 
is much the stronger, being fringed with lung bristles on the 
outer side of the upper part; the fifth joint is oval, convex ex¬ 
ternally, concave within, comprising the sexual organs; they 
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are highly developed, complex with spiny processes, and are 
of a brownish-black colour tinged with tot. Verj' old males 
are darker coloured and have red legs. 

In the months of October and November this spider is 
common in the plantations about Crumpsall Hall, constructing 
its web among the grass under the trees. 

Net'iene nibetis. 


Cephalothorax inversely heart-shaped, slightly convex above, 
and glossy, with a depression and an indentation in the pos¬ 
terior region; in front is an abrupt eminence, on which are 
the eyes, placed on black spots. Mandibles robust, conical, 
strongly toothed on the inner surface, and inclined towards 
the pectus, which is heart-shaped. Maxillae moderately en¬ 
larged at their apices, and inclined towards the lip. Legs and 
pal})i hairy, the former provided with a few spines; the two 
superior tarsal claws are pectinated, and the inferior one is 
inflected near its base. Palpi abundantly supplied with black 
spines, one longer than the rest, projecting from the anterior 
extremity of the third joint. These parts, with the exceptions 
already noticed, are of a yellowish-red colour. Abdomen 
oval, somewhat convex above, projecting over the base of the 
cephalothorax, thinly clad with hair, glossy, and of a red- 
brown hue, which varies in intensity in different individuals. 


Sexual organs black with a tinge of red. Plates of the spira¬ 
cles pale orange. 

Length, from the anterior part of the cephalothorax to the 
extremity of the abdomen, ^th of an inch; length of the cepha¬ 
lothorax j'jr ; breadth ; breadth of the abdomen ; length 
of an anterior leg 

The male is rather smaller than the female, but the relative 


length of its legs is the same; the tibiae of the first and second 
pairs arc dilated underneath at their anterior extremities, and 
these enlargements are thickly clad with fine long hairs. The 
second joint of the palpi is very powerful, enlarging gradually 
from the base to its anterior extremity, which is armed with 
a strong spur, and a great number of minute, sharp-pointed, 
black spines, on the upper side; the third joint is short and 
robust;, the fourth is furnished with two apophyses; the inner 
one is much the longer and tapers to a point: it is curved 
obliquely across the upper part of the fifth joint, and is pro¬ 
vided with a strong projecting point near its base; the exterior 
apophysis is much shorter and more obtuse: the fifth joint 
is oval, convex externally, concave within, comprising the 
sexual organs, which are complicated in structure, exhibiting 
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several curved, spiny processes, and are of a dark red-brown 
colour. 

Mr. T. Blackwall found this species among heath, in Traf- 
ford Park, near Manchester, in October 1832, at which sea¬ 
son of the year it pairs. 

Neriene comuta, 

Cephalothorax glossy, inversely heart-shaped, depressed 
behind, with a large indentation in the medial line, and the 
sides are marked with furrows extending from the superior 
part to the margins; the anterior part is elevated and sur¬ 
mounted by two conical protuberances directed forwards, be¬ 
low which, in front, the eyes are situated. Mandibles strong, 
conical, perpendicular, and armed with teeth on the inner 
surface. Maxillae inclined towards the lip, which they encom¬ 
pass. Lip short, prominent at the apex, and semicircular. 
Pectus convex and heart-shaped. These parts are of a very 
dark-brown colour, the anterior portion of the cephalothorax 
being almost black. The colour of the legs and palpi is light 
red-brown. The two superior tarsal claws are slightly pecti¬ 
nated, and the inferior one is inflected near its base. The 
fourth joint of the palpi is shorter than the third, and pro¬ 
jects three apophyses from its anterior extremity, one on the 
inner side, which is long, curved, and pointed; a small one in 
front, which is also curved, and pointed; and one on the un¬ 
der side, which is short and obtuse; the fifth joint is oval, con¬ 
vex externally, concave within, comprising the sexual organs; 
they are highly developed, complex with spiny processes, and 
are of a dark red-brown colour. Abdomen oval, rather con¬ 
vex above, projcctitig Jover the base of the cephalothorax, 
sparingly supplied with short hairs, glossy, and black, with 
the exception of the plates of the spiracles, which are of a pale 
yellow colour. 

Length, from the anterior part of the cephalothorax to 
the extremity of the abdomen, -j-’jth of an inch; length of the 
cephalothorax jJjy; breadth breadth of the abdomen 
length of an anterior leg length of a leg of the third 
pair 

I captured males of this species in May 1833, on rails and 
gates at Oakland; but the female has hitherto escaped de¬ 
tection. 

Closely allied to the spiders of the genus Linyphia by the 
disposition and relative size of their eyes, but approximating 
more nearly to those of the genus Theridim in the structure 
of the mouth and the relative length of their legs, the Nerience 
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present another striking instance of propinquity between the 
Inequitelce and Orbitelcc', a connexion which is further esta¬ 
blished hy the mixed character of their oeconomy. 

TVifc, Orbitel^ > 

CjfcniiSy LinyphiA} j 

Linyphia minitta. 

Cephalothorax glossy, inversely heart-shaped, prominent 
before, with an indentation in the medial line of the posterior 
region, and of a dark-brown colour. Pectus heart-shaped, 
and very dark-brown, approaching to black. Mandibles 
strong, vertical, and of a dark red-brown hue. Maxillae 
strai^t, nearly quadrate, having the exterior angle at the apex 
curvilinear. Lip short, and semicircular. The colour of these 
organs is the same as that of the mandibles. Legs and palpi 
long, slender, and suppfied with numerous delicate spines; 
they are reddish-brown with brownish-black bands. First 
pair of legs the longest, then the second, the third pair being 
the shortest; the two superior tarsal claws are pectinated, and 
the inferior one is inflected near its base. Each palpus is ter¬ 
minated by a single claw, slightly curved and pectinated. The 
four intermediate eyes form a trapezoid whose shortest side 
is in front; the other four are disposed in pairs on the sides 
of the trapezoid, the eyes constituting each pair being con¬ 
tiguous, and placed obliquely on an eminence; the two pos¬ 
terior eyes of the trapezoid are the largest, and the two an¬ 
terior ones the smallest of the eight. Abdomen oval, convex 
above, projecting over the base of the cephalothorax, and 
thinly clad with hair; the upper part is pale-brown minutely 
spotted with yellowish-white; along the middle extends a 
series of strongly marked, brownish-^lack angular lines with 
their vertices directed forwards, and a little above the spinners 
is an irregular, transverse, semicircular line of a yellowish- 
white colour; the sides are brownish-black with a slightly 
curved line of yellowish-white, extending from the anterior 
part rather more than half-way towards the spinners; under¬ 
neath, the abdomen is of a brownish-black colour, and the 
plates of the spiracles are yellowish-white. 

Length, from the anterior part of the cephalothorax to the 
extremity of the abdomen, ^th of an inch; length of the cepha¬ 
lothorax breadth breadth of the abdomen -j«j; length 
of an anterior leg 

The body of the male is smaller and more slender than 
that of the female, but the 1^ are longer, an anterior one 
measuring /^ths of an inch. The third and fourth joints of 
the palpi are short and strong; the fifth has two conical pro- 
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cesses, or apophyses, on the upper part, near its articulation 
with the fourth joint; it is convex externally, concave within, 
comprising the sexual organs, which are of a red-brown co¬ 
lour. 

I first observed this spider in little frequented rooms in 
Crumpsall Hall; it does not confine itself, however, to the in¬ 
terior of buildings, but may frequently be found on trees ^and 
shrubs, particularly such as grow against walls. In the month 
of September the female deposits thirty or forty spherical 
eggs, of a yellowish-white colour, in a cocoon of white silk, of 
a slight texture, and subglobose form, measuring about ^th of 
an inch in diameter. 

Linyphia luteola. 

This spider resembles Linyphia minuta in the form of the 
cephalothorax, except that the anterior part, on which the 
eyes are seated, is more prominent and acute; it is glabrous, 
and of a pale yellowish-brown colour, with black margins and 
a slender band of the same hue along the medial line. The 
eyes are placed on black spots, their arrangement and relative 
size being the same as in Linyphia minuta. The parallelism 
between the two species holds good also as reganls the struc¬ 
ture of the mandibles, the maxillfe, the lip, and the pectus. 
These parts are of the same colour as the ground of the cc- 
phalothorax. The legs are long and slender, the palpi rather 
short; both are provided with claws and delicate spines simi¬ 
lar in structure to those of Linyphia minuta ; their colour is 
a uniform pale yellowish-brown. The first pair of legs is the 
longest, then the second, the third pair being the shortest. 
Abdomen oval, compressed, remarkably convex above, pro¬ 
jecting over the base of the cephalothorax; its colour is pale 
yellow, with minute white spots on the upper part; the sides 
are obscurely marked with oblique lines of a blackish hue, 
and above the spinners are several of a similar tint and an 
angular form. Plates of the spiracles yellow. In some indi¬ 
viduals scarcely a trace of the black lines can be perceived. 

Length, from the anterior part of the cephalothorax to the 
extremity of the abdomen, ^th of an inch; length of the ccpha- 
lothorax ; breadth ; breadth of the abdomen ; length 
of an anterior leg f. 

The male is smaller and more slender than the female, but 
the cephalothorax is longer, measuring J^-th of an inch; it is 
very prominent and acute before, and is furnished with nu¬ 
merous strong, black bristles, particularly at the apex. The 
legs also are more elongated, an anterior one measuring /^jths 
of an inch. The maxillae are exceedingly convex externally. 
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immediately above the insertion of the palpi; the second'Spt' 
of the latter organs is robust; the third gnd fourth joinlMre 
very short, a strong bristle, rough with projecting poinTs on 
the under side, depending from a prominence pn Jwii%pper 
part of the anterior extremity of tlie former; the fifth joint is 
oval, convex externally, concave within, comprising the sexual 
organs, which are complex, with a cui'ved pointed projection 
on the upper part; their colour is red-brown. 

This species of Linyphia is plentiful in September and Oc¬ 
tober, in the plantations about Crumpsall Hall, constructing, 
among the coarse grass beneath the trees, a horizontal web, 
three or four inches in diameter, on a plan similar to that em¬ 
ployed by the other species of the genus. Like them, too, it is 
usually found on the under side of the horizontal sheet in an 
inverted position. 

, TribCi CiTiGRAg^, Latreille. 

Genus, Hecaerge. 

Eyes eight in number, unequal in size, disposed in two 
transverse rows on the anterior part of the cephalothorax; 
the four constitulitig the anterior row, which is slightly curved 
backwards, are adjacent and minute, the two lateral ones being 
the smallest of the eight; the posterior row is greatly curved, 
with its convexity directed forwards; it comprises the other 
four eyes, which are large and separated by moderately wide 
intervals. 

Maxillae short, strong, convex on the under side, enlarged 
at the base where the palpi are inserted, rounded at the ex¬ 
tremities, and inclined towards the lip. 

Lip small, as broad as long, triangular, truncated at the 
apex. 

Legs powerful; the fourth pair is the longest, then the first, 
the third pair being the shortest. 

The spiders belonging to this genus are erratic, taking 
their prey by surprise. 

Hecaerge maetdata. 

Cephalothorax oval, convex above, depressed in the pos¬ 
terior region, pointed before, and covered with short hairs; 
its colour pale yellowish-brown, with a broad dark-brown 
band extending along each side of the medial line, and two 
fine lines of the same hue on the lateral margins; a few longish 
white hairs, directed forwards, occupy the space between the 
two intermediate pairs of eyes, and imQiediately below the 
anterior row of eyes is a small transverse parallel line of a 
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dallbred-brown colour. Mandibles small, conical, perpen- 
dicMpr, armed with .a curved red nail at the extremity, and 
a fevi^ ^n nte teeth on the inner surface; they are of a pale 
yelloi^h'‘brown colour, with a dark-brown elongated spot in 
front of each, extending from the base towards the extre¬ 
mity ; this spot is palest in the medial line. Maxillae pale yel¬ 
lowish-brown. Lip dark-brown bordered with pale-brown. 
Pectus heart-shaped, of a pale-yellow colour faintly tinged 
with green; eight dark-brown spots occur on its margins; 
one, which is very minute, and in some individuals wanting 
altogether, is situated opposite the lip; three are disposed 
on each side, and one is seated on its posterior extremity. 
Legs hairy, furnished with strong spines; thighs and terminal 
joint of the tarsi pale yellowish-brown, the former having 
•two or three longitudinal lines of a dark-brown colour on the 
upper and outer sides, which are most conspicuous on the 
first and seccjnd pairs, and fome* minute spots of the same 
tint underneath; tibite and superior tarsal joint dark-brown, 
those of the first and second pairs of legs having a series of 
long, moveable, sessile spines on each siileofthe inferior part. 
The two tarsal claws are long, curved, and provided with 
three minute teeth, the terminal one being the longest; be¬ 
neath them is a small brush, which enables the spider to 
ascend with facility smooth perpcnilicular surfaces. Palpi 
pale yellowish-brown, furnished with a few spines, two of 
which, on the under side of the fifth joint, are opposite and 
erect; a long curved claw, having three exccetlingly small 
teeth underneath, terminates each palpus. Abdomen thickly 
covered with hair, oval, convex above, projecting over the base 
of the cephalothorax; upper part pale yellowish-brown mingled 
with white; three small tufts of white hair occur in front, 
near the cephalothorax; two narrow, obscure, brownish-black 
streaks, one on each side of the medial line, extend from the 
anterior part of the abdomen almost a third of its length, and 
are followed by a series of brownish-black spots, occupying 
the remainder of the medial line to the spinners, on each side 
of which is a longitudinal row of very small spots of the same 
hue; these streaks and spots are comprised between two irre¬ 
gular brownish-black bands composed principally of spots, 
confluent or nearly so, diminishing in size as they approach 
the spinners; sides and under part of the abdomen pale yel¬ 
lowish-brown spotted with brownish-black, the spots on the 
latter minute. Plates of the spiracles yellowish-brown with 
pale inner margins. • 

Length, from the anterior part of the cephalothorax to the 
extremity of the abdomen, ^th of an inch; length of the cepha- 
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lothorax ; breadth ; breadth of the abdomen ; lenMh 
of a posterior leg ^ ; length of a leg of the third pair :J-. 

Tile male though smaller than the female is similar m'it in 
colour, and in the relative length of its legs. The.^i^ and 
fourth joints of the palpi are short, a small pointed apophysis 
projecting from the outer side of the anterior extreriiity of the 
latter; the fifth joint is oval, convex above, concave beneath, 
comprising the sexual organs, which are highly developed, 
with a curved spiny process extending to the termination of 
the joint, and are of a red-brown colour. 

This sficcies, which I discovered in the woods about Oak¬ 
land, in Denbighshire, in the month of April 1833, approxi¬ 
mates most nearly in its general structure to the spiders of 
the genera Lycosa and DoUmedes ; by the organization of the 
feet, however, it appears to connect the Citi^radoe with the 
Latcri"rad(e. In the month of June the female constructs 


lenticular cocoon of white silk, of a slight texture, measuring 
about j-’ijths of an inch in diameter, which she usually attaches 
to the under side of a stone, depositing in it between twenty 
and thirty spherical eggs of a yellowish-white colour, not ag¬ 
glutinated together. 


Tribe, Tuhitel^e, Latrcille. 

Genus, Erigonc, Savigny. 

Erigone. aim. 

Cephalothorax inversely heart-shaped, very prominent before, 
with an indentation in the medial line of the posterior region. 
Mandibles powerful, rather convex in front, strongly toothed 
on the inner surface, and slightly inclined towards the pectus, 
which is heart-shaped. Maxilla.* greatly enlarged at the base 
where the palpi are inserted, encompassing the lip, which is 
short and semicircular. Fourth pair of legs the longest, then 
the first, the third pair being the shortest. The two superior 
tarsal claws are pectinated, and the inferior one is inflected 
near its base. Eyes disposed in two transverse rows on the 
summit of the anterior convexity of the cephalothorax; the 
intermediate ones of both rows form a square, and the other 
four are placed obliquely in pairs, one on each side of the 
square. Abdomen oval, convex above, projecting over the 
base of the cephalothorax. This spider is sparingly clad with 
hair, and glossy black, w’ith the exception of the legs and palpi, 
which, in adults, are of a reddish-brown colour, and of the 
platps of the spiracles, which are yellow. 

Length, from the anterior part of the cephalothorax to the 
extremity of the abdomen, ^th of an inch; breadth of the ab¬ 
domen ; length of a posterior leg 

2 C 2 
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The male differs from the female in several remarkable par¬ 
ticulars ; it is smaller, and presents, exclusively, some of those 
pectdi&fiti^s of structure on which the generic character is 
estalnii^ed. The lateral margins of the cephalothorax are 
strongly dentated, and a series of short sharp spines, slightly 
curved forwards, occupies the medial line of its anterior con¬ 
vexity ; each mandible also has a longitudinal row of spines, 
curved downwards, on its exterior side. (Small spines occur 
sometimes on the mandibles of old females.) The second joint 
of the palpi is greatly elongated, much curved, and is armed 
with strong spines beneath; the third and fourth joints are 
dilated at their anterior extremities, the former having a large 
conical apophysis on the lower side, and the latter two ter¬ 
minal apophyses, one short and broad projecting in front, the 
other more elongated and acute situated underneath; the fifth 
•joint is oblong-oval, convex externally, concave within, com¬ 
prising the sexual organs, which are highly developed, and 
of a very dark red-brown colour. The l elative length of 
the legs likewise is different in this sex; the first pair is the 
longest, measuring |th of an inch, and the fourth, second, 
and third pairs decrease successively in longitudinal extent. 
These organs and the palpi are much redder than those of 
the female. 

Independently of colour, the spider described above may 
be distinguished by its external structure from the Erigonc 
vagans of M. Savigny. [Description de VEgypte^ seconde edi¬ 
tion, tome xxii. p. 319— 321 ; Atlas de Zool .; Arachn. pi. i. 
fig. 9.) The male of the latter species has three rows of spines 
on the anterior convexity of the cephalothorax; a single row 
on the under part of each thigh of the first pair of legs, and 
the second pair of legs is longer than the fourth; whereas the 
new spider has only one row of spines in the former situation, 
and none in the latter, a few very minute ones merely occur¬ 
ring on the inner side of the thighs of the fore legs, near their 
base, and the fourth pair of legs is longer than the second; 
moreover, each palpus of the- female of Erigone vagans has a 
pectinated claw at its extremity, but the palpi of Erigone alra 
are destitute of claws. 

This diminutive spider is very plentiful and decidedly diur¬ 
nal. Endowed with an instinctive impulse to ascend into the 
atmosphere, it frequently takes aerial excursions, and is active 
even in winter, when the weather is mild. It pairs in June, 
and deposits its eggs, which are large in proportion to th& size 
of the animal, six or seven in number, spherical, not agglu- 
^ tinated together, • and of a pale yellowish-white colour, in a 
cocoon of wliite silk, of a slight texture, and subglobose form. 
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measuring about ^th of an inch in diameter; it is usually 
placed under stones and in crevices of the earth. • ' 

There must be something very remarkable in thg^ntemal 
as well as external organization of this extraordiii^l^ spider, 
for numerous specimens of both sexes submerged in cold water 
on the 21st of October 1832, remained in that situation till 
the 22nd of November, an interval of 768 hours, without hav¬ 
ing their vital energies suspended. It is evident, therefore, 
that this species possesses the power of abstracting respirable 
air from water, for though in the act of submersion the spira¬ 
cles are usually enveloped in a bubble of air, yet so small a 
supply must soon be exhausted, and, indeed, it speedily dis¬ 
appears. 

Oakland, near Llanwrst, Denbighshire, 

July 29,1833, 

- - - , T- - - . . . . . - , „ - , 

XXXVI. Additional Note on Conical Refraction. 

J. MacCullaoh, F.T.C,D. 

To the Editors of the Philosophical Magazine and Journal. 
Gentlemen, 

^T^HE introductory part of my note which appeared in your 
last Number was written in haste, and I have reason 
to think it may not be rightly understood. You will there¬ 
fore allow me to add a few observations that seem to be 
wanting. 

The principal thing pointed out in the paper that I pub¬ 
lished some time ago in the Transactions of the Royal Irish 
Academy, is a very simple relation between the tangent planes 
of Fresnel’s w'ave surface and the sections of two reciprocal 
ellipsoids. Now this relation depends upon the ares of the 
sections, and therefore naturally suggested to me the pecu¬ 
liar cases of circular section in which every diameter is an axis. 
Thus a new inquiry was opened to my mind. And accord¬ 
ingly, without caring just then to obtain final results, which 
seemed to be an easy matter at any time, 1 expressed in 
conversation my intention of returning lo the subject of 
Fresnel’s theory, in a supplementary paper. The design was 
interrupted, and I was prevented from attending to it again, 
until 1 was told that Professor Hamilton had discovered cusps 
and circles of contact on the wave surface. This reminded 
me of the cases of circular section, and the details given in my 
last note were immediately deduced. 

1 am. Gentlemen, &c. 

J. MacCulla&h. 


Trinity College, Dublin, August IG, 1833. 
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XXXVII. A Catalogue of Comets. By the Bev. T. J. H ussey, 

A. M. Rector ofHayes^ Kent. 

[Continued from p. lOS.] 

[The Chronology employed is that of Petau orPetavius.] 

A, the conet of 1680. B, that of 1652. C (Halley’s), that 
of 1682. D. that of 1759. E, that of 1661. F, that of 
1677. 


I 

5 A1 

J A 


Same 

Month or Season 

Mace or Direction 

By whom men- 

Keinarks. 

aathat when it apitcarcd. 
ol' 

in which it ap. 
lK*ared. 

tiont'd. 


171 673 


172 C76 

173 — 

174 681 

175 683 
684 


711 


712 


738 

744 

760 


762 

767 

770 


773 

813 


96 815 

97 817 

821 




Vita 8^ Leod. 

(Jentup. 

. Cliron. &c. 

January.Virf;o.Chinese Records. 

Aug. Sept.Geiii.jUr.Maj. Anast.Paiil.Diac. 

Chin. Records, Seeii3inonths. 
Oct, Novemb. Hercul. AquilaC^unese Records. Seen 17 days. 
April, May.... Auriga/raurus.ChincseRecords. 

... Sept. Oct.Tow*'’theWcst Chii»cscRecords. 

B December.Taurus.Aniist.PauI.Diac. 

&c. 

... November.Tow*'*theWest Chinese Records. 

March.Musca,Taurus Cliinesc Records. 

September,... . Chinese Records, 

. . llaly in Centil. 

Ptolem.Continued 11 

nights with a 
visible uio- 

August.C.Bcrcn.jLco, tion. 

j Virgo, Bootes Chinese Records, 

. . Sabell. Bizar. &c. 

. . Bede. Anast. &c. 

xVug. Sept.Auriga,'faurus Chinese Records. 

April.Ursa Major... Chinese Records. 

. . Theoph. Cedren. 

May.Taurus, Ge¬ 

mini, &c.... Chinese Records. Seen 59 days. 

May, June.To the West ChineseRecords, 

. . Theophan. &c. 

Jan Jary.Delphinus.Chinese Records. 

May.Auriga, Taurus Chinese Records. 

June, July.Auriga, Camel. ChineseRecords. 

January.Orion.ChineseRecords. 

August.. Theoph. Sim. 

Logoth.Zonar, 

&c, 

April.Leo.ChineseRecords. 

February.Sagittarius.Chi. Rec. Eginh. 

Almoin, &c. 

Febniary Crater, Leo. 


























































Number 
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837 


838 


830 


840 


841 


832 

855 

857 

858 

864 

866 

868 


869 

873 

875 

877 

882 

885 


Place or Direction By whom men- 
in which it ap- tloned. 

pcaied. 




July.Taurus. 


. . ChineseRecords, Elements eom- 

piited by 

September..., Aquar. Equul, Pin^re*. 

Pegasus.... Chi.Kec. Bocth. 

November.... Corviis.Chinese Records. 

Nov. Dec.Sagitt. Scorpio (’hineseRecords. 

February.Aquarius.Chin.Rec.Annal, 

Bcrtin • 

March, April.. Perseus.Chin.Rec.Annal. 

Bertin. 

March, April.. Pega. A ndrom. Chinese Records. 

December.In the East... Chinese Records, 

June, July.Sagitt. Aquar. Alber. Casin. 

Chin. Rcc. 

December to 

February 812 Pisces, Pegas, ChineseRecords, 

Nith. Hist. 

March.Orion.ChineseRecords. 

. . Chron. Mallcac. Seen during 

September.... Scorpio. ChineseRecords. 20 nights. 

April.In the East .. Ptolem. Hist. 

Martin. Fuld, 

June.Aries.Chron. Floriac. 

Chinese Rec. 

April. . Const. Porpliyr. 

Jaiiiinry.Aries, Musca.. ChineseRecords. 

Ann. Fuld. &c. Seen for about 

17 nights. 

vSeptember,.,. Pers.Cap.Med, Chi.Ann.Pontan. Direction 

north<^east. 

. .«• • Chron. Andega. 

June.Aries.Ann. Fuld. Chro. 

Casauv. &c. 

March.Libra.Chron. Novalic. Seen 15 nights. 

January. . Annal. Fuld. 

Aventin.&c. 

. Betw" Perseus 

and Gemini ChineseRecords. 

June.jScorp. fiugitt. 

_^lU.Ma. Bootes. ChineseRecords. 


• Passage through the perihelion in mean time at Greenwich; March 
0*^ 23*^ 51''* 0".—Long, of the perihel. on the orbit of the comet,9* 19° 3' 0''. 
—Long, of the ascending node, 6® 26° 33^ 0'^—Angle between the perihel. 
and the node» 9® 7° 30' 0'\—Inclination of the orbit, 10° or 12°.—Perihel. 
distance, 0*580000.—Log. of the mean motion, 0-314986.—Direction R. 

No. , Year. • 

The angle between the perihelion and the node 50 j 240 2* 22' 0' 

having been left out of the elements of the four ,i 81,- 

comets published in the last Number, the omis- \ 2 j ™ 

sion is here supplied. 139 ; 565 '2 10 0 

140: — 2 19 30 


[To be continued.] 
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XXA^XIIr Contributions to the Geology of Northumberland 
anS^^sirham, By N. J. Winch, Esq. F.G.S. 4' A.L.S. 

[Continued from p. 99.] 


An Account of Strata sunk through in the Blossom Pitf Hetton 
. Colliery, begun December 19, 1820, Durham. 






• •• 


• • • 




• •• 


• •• 


• •• 


• • • 


• •• 


Outset above the surface 
Soil 
Sand 
Gravel 

Limestone marl and soft limestone 
Limestone of various kinds, and the water 
increased gradually^from about the depth 
,of 16 fathoms (where the machine began 
to pump,) to the bottom of it, to nearly 
2000 gallons per minute; viz. 

Yellow limestone in different beds 
Blue ditto and flaggy near the \ 
bottom (called blue rag) ... ... / 

Blue metal ••• ••• ... ... ... .. 

Sandstone when broken into was drawn by 1 
the pumps ... ... ... ... j 

White metal stone, very soft 
Gray seamy metal stone ... 

Strong brown limestone mixed with whin 
Blue gray metal mixed with water and 
very soft ... ... ... ... ... ... ..< 

Coal mixed with black metal . 


... 


• a* 


• •• 


Gray metal stone 
Blue metal 
Coal mixed with black metal 

Gray metal stone and water . 


•• • 


••• 


... 


••• 


«. 


•• 


.. 


F. r. F. I. F. 


I 

0 

1 

0 

3 


15 

7 

0 

0 

0 

0 

1 

5 

0 


0 

0 

1 

1 

0 


0 

2 

0 

1 

0 


0 

0 

0 

0 

0 


1 2 10 


38 


2 


r. F. I. 


1 1 4 

1 0 5 


Section of the 4-feet Coal Seam. 

Coal ... *. 0’^* l«-0“ 

Gray metal . 0 0 4 

Black ditto with cotd . 0 0 7 

CW . 0 1 10 0 10 9 


Gray metal stone or thill . 

Gray ditto with partings ... ^. 

Strong white post, and water in it, near the 1 
bottom, and spongy ■a. ea. ••• J 

Three-quarter cwd seam and water in it 


0 1 4 
0 0 10 

0 1 8 

0 2 4 


Gray metal stone or thill . 1 

^lYhlte post ••• eea ... ... 

Gray metal ••• ... ... ... ... 

White post with partings and water 


3 1 


8 0 


0 7 


0 2 


Carried forward 


8 1 0 5 12 1 3 6 
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53 1 2 6 


Brought forward 

Gray metal stone ... 

Coal mixed with black metal 


••• 


••• 


• • • 

• • • 


Thill 

White post 
Gray metal 
Gray metal stone with post girdles 
G’ray metal ••• ••• ••• • 

Coal . 


cat ••• ••• 

t** ••• ••• ••• ••• 

••• ••• ••• 


■ • • • • • 




• • t • »• 


••• ••I 


• • • • • • 


• ••• ••• 


••• 


Thill 

Gray metal stone 
White ])Ost with wet partings 8 feet down ... 
Gray metal stone mixed with post 
Black and blue metal 
Coal 


• • a 


• • » 


I « • • • I 


• ••• ••• 

• t« ••• ••• 


99 % 999 


999 999 


999 999 


Gray metal stone ... 

White post . 

Gray and white post mixed with gray metal \ 
stone ... ••• ... ... ... ... ... j 

\^^hin ... ... ... ... ... ... ..I 

White post and partings of blue metal and 1 
water wedged off a.a ■** .1* ... ... J 

Strong white post with a parting at bottom 1 
and water .«• ••• ... •«. ^ 

Strong white post and spongy with partings \ 
and water .■* ... ... ... ... ... j 

Gray and white j)ost and the water wedged) 


999 f•< 


• •• 


••• ••• ••• 

••• ••• 


• • • • • • 


I • « 9 9 9 


999 999 999 


999 ••• 


• • • • 


Oif 

Gray metal stone 
Coal 

Gray metal 
Coal 
Band ... 

Coal ... 

Band ... 

Coal mixed with black metal 

Thill ... ■». ... ••• ... ■■■ ••• 

Gray metal stone with large balls of iron- \ 

stone ... ... .. ••• ••• ... J 

Strong gray metal with^girdles 
Black metal with scares of coal 
Coal 


I ■ • • • • 9 9 • 

Qy. Oft. 

0 1 0 
0 1 3 
0 0 5 
1 0 2 
0 0 4 
0 0 11 


9 99 9 9 9 ••• 


9 99 9 9 9 99 * 


999 999 999 


•99 999 999 


Black gray metal with scares of coal .. 

Dark gray metal with balls of ironstone 
Strong gray metal stone with strong dun-) 

nish post girdles ./ 

Gray metal ... ... ... ... ... .. 

Five quarter coal seam ... 


999 999 


999 9^9 


Carried forward 
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\Fa,Yds.FtJn\ 

8 

1 

0 

5 

0 

0 

2 

8 

0 

0 

1 

6 

0 

0 

0 

8 

0 

0 

3 

5 

0 

0 

2 

2 

0 

0 

1 

4 

0 

0 

0 

6 

0 

0 

0 

10 

0 

0 

0 

3 

0 

0 

0 

10 

1 

1 

1 

2 

0 

0 

3 

9 

1 

1 

3 

10 

0 

0 

0 

3 

0 

0 

1 

3 

1 

0 

1 

9 

1 

1 

3 

2 

0 

1 

0 

7 

0 

0 

2 

10 

1 

1 

1 

6 

4 

1 

o 

11 

3 

0 

1 

3 

0 

I 

1 

6 

1 

0 

1 

5 

0 

0 

1 

8 

1 

0 

o 

4 

3 

1 

0 

9 

0 

0 

0 

9 

0 

0 

1 

3 

0 

0 

3 

8 

0 

0 

2 

6 

3 

0 

1 

10 

1 

0 

0 

8 

0 

0 

1 

7 



9 0 17 


1 0 1 11 


4 0 3 1 


16 0 3 3 


5 10 8 


5 
94 

2D 


1 0 3 
‘4 3 11 
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Brought forward .. 

Black metal v/ith scares of coal . 

Dark gray metal . 

Coal ••• ••• ••• ••• ••• 

Gray metal stone with post girdles 
Glray post ••• *** ••• ••• ••• 

Blue and gray metal stone .. 

Do. . do. with strong girdles . 


Fa.Yds.Ft.In. 

...0 0 0 6 
...0114 
...0 0 0 5 
...5 1 16 
...0 1 I 10 
...3 1 2 9 
...1123 


Fa. Yds* Ft, In, 
94 4 2 11 


Section of the High main coal seam, on the 
Wear, or Yard coal seam, on the Tyne. 
Top Coal . O*^' 1^*- S'"* 

Band ••• ... ... ... ... 0 0 1 

Coal 4*. ... ... ... ... ... 119 


Total depth to the Main coal seam sunk ) 
through 3rd September 1822 .j 


1 0 0 6 


14 0 £ 1 
109 1 1 3 


An Admeasurement of the Minor PzV, {which is 45 yards to the 
West of the Blossom Pit\ to the Main Coal Seam and 
Strata sunk through from there to the Hutton Coal Seam^ 
begun December 23, 1820. 


Total depth of the Minor Pit to the thill 
of the Main Coal Seam, sunk through 
various strata similar to those specihed in 
the Blossom Pit sinking account,as above 
lYhite post ... ... ... ... •< 

Gray and white post . 

Black metal stone . 

Blue metal with iron stone girdles 

Black metal . 

Gray metal stone ... 
t»oal ... ••• ... ... 


••• 


... ... ... 


... 


I. • •.« 


Strong gray metal stone 

Gray and white post . 

Gray metal ... ... ... ... ... 

Coal •se ••• ••• ••• ••• 

Gray metal ••• ... ... 

Coat 


It, # 1 . 


I*. ••• 


... a*. ... ... 
... ... ... ... 
... ... ... ... 


Gray metal 
Blue metal 
Gray metal 

Blue metal with coalpipes 
Strong gray post 
Do. do. with strong girdles 

^Vhin ... ... ••• ••• 

Soft gray metal . 


... 


... ... 


••• 


Carried forward ... 
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1 ... 
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• s 
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1 

1 

1 

• • • 

0 

0 

0 

8 





• • • 

1 

1 

o 

0 





• • « 

0 

0 

1 

4 





• • • 

1 

0 

2 

4 





• • • 

0 

0 

1 

4 





... 

0 

0 

2 

10 






0 

0 

0 

5 










4 

0 

1 

11 

• • • 

0 

0 

2 

0 





• • • 

4 

1 

0 

9 





• • s 

1 

1 

0 

2 





• • • 

0 

0 

1 

o 










6 

1 

1 

1 

• •• 

0 

1 

0 

9 





• «. 

0 

0 

0 

4 










0 

1 

1 

1 

• vs 

0 

1 

1 

2 





• • «1 

0 

1 

1 

0 





1 

• • S' 

1 

1 

2 

6 





s • s 

0 

1 

0 

8 





• • • 

0 

1 

2 

8 





• ss 

0 

1 

2 
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1 

0 

0 
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1 

o 

8 






9 

0 

0 10 

120 

0 
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Brought forward . 

Low main coal seam, on the Wear, or Five- \ 
quarter coal scam, on the Tyne ./ 

White post . 

W K * ^ 

vvaassa 99# 9## 

Gray metal with post girdles 
Black and blue metal stone ... 

### m m ^ 


• •• 


• •• 


Gray metal with post girdles 

99 # ### ### ■ 

Band 
Coal 
Thill 


••• 


••• 


• •• 


fly. Of'* 4" 
0 0 1 } 
0 0 7 
1 1 0 


• •• 




Strong gray metal 
Gray post ... 

Black metal . 

Blue metal with post girdles ... 

Strong white post. 

Gray metal and post girdles ... 

Section of the Hutton coal scam, on the 
Wear, or Low main coal seam, on the Tyne. 

Coal . F- If'- 7^'" 

Band . 0 0 3^ 

Bottom Coni (coarse) . 0 1 3 

Total depth to the Hutton seam, or Low \ 
main seam of the collieries on the Tyne J 


\Fa. 

Ydt.FUn. 

9 

0 

0 

10 

0 

1 

1 

1 

2 

0 

0 

6 

0 

0 

2 

2 

2 
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0 

10 

1 

0 

0 

0 

0 

0 

1 
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0 

1 

2 

11 
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1 

2 

0} 

1 

0 

2 

0 

1 

0 

2 

4 

0 

1 
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0 

0 

0 

1 

4 

4 
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0 

1 

0 

1 

0 

1 

0 

0 

2 
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120 0 2 2 

9 1 1 11 


5 116 


11 
|147 


0 

0 


2 

2 


4} 


The colliery, or rather the three collieries, in the neighbour¬ 
hood of Hetton in the county of Durham, is at present the 
most important mining concern in this coal-held. These pits 
are said to be capable of working two hundred thousand New¬ 
castle chaldrons of coals annually: they are situated about 
seven miles from Sunderland, to the south-west, and the shafts 
are sunk through the magnesian limestone, which here covers 
the coal-measures. The following extract of a letter from a 
professional man, on the subject of these mines, is worthy of 
insertion. 

“ A bed of soft sandstone* was found under the magnesian 
limestone, abounding with water, in the Hetton and Elemore 
Fits; but at Eppleton sinking, no water was met with till near 
the bottom of the sandstone. It may be remarked that at the 
Hetton Pits there is twenty-six fathoms of limestone, and only 
four feet four inches of sandstone; at Elemore twelve and a 


* This is the soft yellow sandstone which intervenes between the mag¬ 
nesian limestone and the coaLmeasnres, so ably described by Prof. Sedgwick 
in the Geological Transactions, in his papers on the subject read in 1826, 
1827 and 1828. [Abstracts of these papers were given in the Phil. Mag. 
and Annals, N.S. vol. i. p. 66, and vol.iii, p. 301.— Kdit.] 

2 D 2 
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half fathoms of limestone and ten fathoms and a half of sand¬ 
stone; and at Eppleton only nine and a half fathoms of lime¬ 
stone and twenty-one fathoms of soft sandstone. The Ele- 
more Pits are one mile south-west of the Hetton Pits, and the 
Eppleton about one mile north-east of the Hetton Pits.” . In 
this part of the district the dip of the coal beds is towards the 
east, at the rate of one yard in twenty-two; but along the coast 
of Northumberland, and as far south as Manor Walls End*, 
at the mouth of the Tyne, they rise rapidly to the east, as well 
as more gently towards the west. On the other hand the coal- 
measures south of the river Wear continue to dip regularly to 
the eastward. Even at Helton the high main coal had not re¬ 
covered the good quality it was formerly known to possess on 
the Tyne; but the low main, a very inferior coal, from being 
brittle and breaking into small fragments before reaching the 
London market, is at Hetton and other Wear water collieries 
a coal of very superior quality. In all these mines the Zow 
main of the Tyne is called the Hutton seam. See section of 
Byker St. Anthon’s Colliery, Geological Transactions, first 
series, vol. iv. pp. 41, 42. 

[To be continued.] 

XXXIX. Remarks on one o/Mr. Talbot’s proposed Philoso¬ 
phical Experiments. By C. Wiieatstone, Esq, 

To Sir David Brewster. 

Dear Sir, 

TN the last Number of the Philosophical Magazine is in- 
sorted an article, entitled “ Proposed Philosophical Expe¬ 
riments, by H. F. Talbot, Esq. M.P. F.R.S.” Upon a part of 
this communication, headed “ On the Velocity of Electricity,” 

1 feel it necessary to make the following observations. 

My experiments were not made solely with a view to deter¬ 
mine the velocity of the electric spark passing through air as 
Mr. Talbot has inferred, but, from the first, were intended to 
extend to the passage of electricity through solid conductors. 
In fact, the very first experiment of the kind which I made, and 
which was shown to the members of the Royal Institution on 
the evening my investigations on this subject were first made 
public by my friend Dr. Faraday, was one by which I endea¬ 
voured to show' the deviation from a vertical line of two sparks 
simultaneously visible at the opposite ends of a metallic con¬ 
ductor. Beyond this, I have for several months past commu¬ 
nicated very generally to my scientific acquaintance the de- < 

* Almost all coals with us are now designated Walls End, whatever 
seams may produce them. 
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tails of an experiment upon a larger scale, which 1 hope soon 
to have an- opportunity of executing, and which will detect 
and measure the velocity of electricity in its passage through 
a tnetallic conductor, though the rapidity of its transmission 
may exceed that of light: this I have proposed to effect, by in¬ 
creasing, in certain proportions, 1st, the velocity of the re¬ 
volving mirror; 2ndly, the length of the conducting wire; and 
3rdly, the accuracy of observing the deviation of the sparks 
from a vertical line. If 1 succeed in this point, it is obvious 
that we shall possess a means of directly measuring the rela¬ 
tive conducting powers of metals, and of ascertaining numer¬ 
ous particulars respecting ordinary electricity which we at 
present have no means of determining. 

Intending in the ensuing session to submit to the Royal 
Society all the results 1 have obtained, in reference to a 
'lew optical means of measuring rapid motions^ minute inter¬ 
vals of tiine^ and Jeeble intensities of light, I have hitherto 
refrained from publishing any incomplete statement of them; 
but I regret that this delay should have occasioned my ex¬ 
periments to be so far misunderstood, that one of the earliest 
which suggested itself to me, and which I have always consi¬ 
dered to be of primary importance in the series, should be pro¬ 
posed elsewhere, several months afterwards, as an experiment 
yet to be tried, and be represented also as having entirely 
escaped my attention. 1 remain. Dear Sir, yours, &c. 

Conduit-street, Hanover-square, C. WheATSTONE. 

Augiiit % 


XL. Experimental Contributions towards the Theoiy of Ther¬ 
mo-electricity. By Mr. John Prideaux, Member of the 
Plymouth Institution. * 


^T^HE discovery of Professor Seebeck, that a bar of antimony, 
or of bismuth, heated in contact with a copper or brass 


wire, would affect the magnetic needle, was soon extended by 
chemists in this country and on the Continent to all the other 
metals which are of ready access; and a table of the thermo¬ 
electric prder of these metals was soon published by Professor 
Gumming, and found to differ from the voltaic oi'der, and also 
from that of conduction,*whether of heat or electricity. 

Other experimenters presently discovered thermo-electric 
currents in single masses of metal, which have been traced 
out with curious results f. 


* Communicated by the Author. 

t [Papers on the thermo-magnetism of homogeneous bodies, by Mr. 
Sturgeon, will be found in Phil. Mag. and Annals, N.S. vol. x. pp. 1,) 16, 
&c.—E dit.] 
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M. Becquerel is, I believe, the only one who has investi¬ 
gated the comparative force as well as the order of arrange¬ 
ment of metals when acting in pairs; and having ascertained 
these points by a course of delicate experiments, he has be'en 
led to the inference that thermo-electricity is allied to the ra¬ 
diation of caloric. 

The deep interest attached to a subject in which the mutual 
reaction of heat, electricity and magnetism is made almost 
tangible within a very narrow compass, led me to institute 
the following inquiries, with the hope of their suggesting other 
methods of elucidation. 

I. Is thernio-electricity different from that derived from 
other sources : i. e. a different principle, or a different com¬ 
bination of principles? 

II. Is it |)roduced at the expense of caloric ? 

III. Is the radiation of heat, or any property dependent 
upon it, the proximate cause of thermo-electricity ? 

IV. Is the proximate cause connected with the conduction 
of heat ? 

V. Will not a hot bar brought into contact with a cold one 
of the same metal set electricity in motion; and if so, will the 
currents so produced bear any peculiar relation to those pro¬ 
duced by pairs of different metals ? 

I. Is there any, and •what, difference het'ween Thet'mo-electricity 

and that derived from other sources ? 

1. The most characteristic distinction between electricity 
and the other imponderable fluids (if such they be,) is, its 
[sensibly] instantaneous transmission through considerable 
length of solid conductors. The very low tension of thermo¬ 
electricity renders this as close a test as any to which it can 
be subjected. Fifty feet of iron wire (one of the worst me¬ 
tallic conductors,) was cut into two lengths, through which 
(turned at the ends, to ensure metallic contact,) two other 
mercury boxes were connected with those of the magnetest *. 
A thermo-electric pair, of antimony and bismuth, heated at 
the point of contact, had their feet dipped, first into the mer¬ 
cury boxes of the magnetest, which jiroduced a deflection of 
SO®; and welre then removed to the other pair of boxes at the 
end of the wires, by which the deviation was reduced to 15°; 
and so repeatedly; the interposition of such a length of iron 
wire, between the excited metals and the magnetest, withholding 
^ths of the deviation (about ^^ths of the current): yet was the . 

■ I must be excused For resuming the use of this word: “galvanometer’* 
would be hardly applicable in this instance. 
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instantaneous movement o£ the needle as evident in one case 
as in the other. So far, then, as promptitude of transmission 
through long wires is a distinction, thermo-electricity does not 
differ from the other kinds. 

The magnetest employed in these experiments consists of a 
pair of sewing needles, 3 inches long, the lower one having 
just enough of predominance to give them terrestrial direction. 
The conductor, which passes only once between them, and 
returns beneath the lower needle, consists of four lengths of 
bright copper bell-wire laid together, not twisted, the ends 
amalgamated, and working into mercury boxes. A pair, of 
copper and tinned iron, by the heat of the lingers gives a de¬ 
flection about 25°. 

A guide-cross lies between the mercury boxes, to keep 
always before the eyes the relations between the current and 
the needle. 

It is constructed of two slips of 
card, fastened in the centre, one 
over the other, with sealing-wax; 
one representing the magnet, the 
other the conducting wire. On 
the latter an arrow is drawn (on 
both sides) to indicate the direc¬ 
tion of the current; on the former 
a line, also on both sides, to di¬ 
stinguish the marked pole. 

This cross turned over, on either oi uie sups, as an axis, 
or placed horizontally, vertically, or in any degree of obliquity, 
always exhibits the relation between the current and the needle: 
and being laid down, with its magnet corresponding with the 
position of the needle, it shows in what direction the current 
is passing over it; or turning it over upon the magnet as an 
axis, the reverse current is seen returning under it. 

2. If there be any modification of electricity answering to 
that of Dr. Hare, a compound of electricity and caloric, this, 
from the mode of its generation, should be the one. But the 
same pair, of antimony and bismuth (1.), heated until they would 
drive the needle nearly round the circle, by the first impres¬ 
sion, had not any appreciable effect on Mr. Harris’s thermotest, 
though tried upon wires of various dimensions and different con¬ 
ducting powers. Thermo-electricity, then, seems to be no way 
' distinguished as containing caloric. 

Attractions and repulsions, or chemical decompositions 
would be precluded by its low tension ; and these are its only 
apparent distinctions from the voltaic current, or from the 
electricity of the machine. 




208 Mr. Prideaux’s Experimental Contributions 

II. Is Thermo-electricity producek at the expense of Cahric? 

^ 3. Into the smaller neck of a tubulated receiver was fixed 

an open glass tube, reaching oblicjuely to the bottom, and 
bent, siphon wise, on the outside, so as to descend a little lower 
than the inner end: it was then again bent upward, nearly at 
a right angle, and to this rising end a scale was attached. 



Into the receiver was poured water tinged with cochineal, 
and covered with a stratum of oil, to prevent evaporation by 
the heat. Suction being now applied to the end, the liquid 
remained, on the principle of the siphon, a few degrees up 
on the scale. A cork thoroughly soaked in grease being fitted 
to the open neck, the whole constituted a very sensitive air 
thermometer. 

The cork was now perforated by two wires; one of copper, 
the other of tinned iron; the latter bent off at each end, so that 
it could be brought into contact with, or separated from the 
copper by a slight turn with the fingers. Both ends of each 
wire were doubled, flattened and polished to ensure good 
contact; they projected about three inches into the receiver, 
and nine inches outside. 

Being now set in contact, the cork was drawn out, and th^ 
ends of the wires which entered the bulb were placed between 
a fold of sheet copper, and heated by holding them for a given 
time (25*) over an Argand gas light, being turned over at 15% 
to equalize the heat in both wires. The sheet copper being 
now drawn off,, the hot ends were thrust into the bulb, aqu 
the cork pressed in air-tight. The fluid rose quickly to about 
90° (more or less, depending on slight differences in the heat, 
and in the quickness and force with which the cork was pressed 
in). After a few seconds, the liquid began again to descend, by 
the cooling of the wires. They were then separated, when the 
descent of the fluid was suddenly checked: on renewing the 
contact, it fell with renewed impetus; and so stopped and re¬ 
sumed its fall at every separation and renewal of the contact. 

Other wires of the same and different metals were tried, and 
with many different corks; but the effect was always con- 
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si$tent, and indicated that the thermo-electric current did 
consume caloric in its production. . 

4« If this inference were true, it should follow that the wires 
heated to the same degree, should cool much more rapidly 
when kept in contact the whole time of cooling, than when 
kept all the time separate. They were therefore heated as 
before, and being thrust in, the fluid was allowed after rising 
to recede to 70°; from which its time of descent to 20°, i. e. 
50°*, was observed by a seconds watch,—the wires remaining 
in contact. 

The same proceeding was repeated, the wires remaining 
separate. , ‘ 

Precision, for reasons above given (3.), was unattainable; 
and the conclusion was oilly to be drawn from the average of 
many experiments. This average gave 60* for the closed 
wires, and less than 60’ for the separated ones; thus the 
cooling seemed retarded, rather than accelerated, by the con¬ 
tact, and consequent electrical current. All that repetition 
and examination could do to avoid discrepancy was attended 
to, and yet these experiments seemed to contradict the pre¬ 
ceding ones. 

5. The mode of interrogation was reversed. If caloric dis¬ 
appeared in the production of thermo-electricity, it was not 
unlikely that where caloric became latent^ thermo-electricity 
might appear. 

A glass siphon being suspended by the ends over a spirit 
lamp, tin was dropped in and melted there, until the siphon 
was nearly full; the ends were then connected with the poles 
of the magnetest by long and similar copper wires, tinned at 
^ the points. Although copper is (generally) positive to tin,’ no 
.current ensued, because both ends were alike in contact with 
copper. A hot iron wire being now plunged into the tin, at 
one end of the siphon, gave a deflection of 6°; and when 
transferred to the other end, a deviation to the same amount, 
in the contrary direction; and so repeatedly (37>): thus 
manifesting a current when electricity was developed. A 
slip of tin was now plunged into one end; of course no 
deviation could be expected (370* This tin was allowed to 
melt there, by which caloric must have become latent. The 
fgsion was gradual, and in full contact with metal on all sides; 
the.electricity, if any were produced, must therefore have been 
continuous, and could not have acquired tension. It would 


* Not degrees of Fahrenheit, Or of any other standard scale; for the heat 
of the air ^out the wires must have been very different from that about 
the glass. i. . 

Third Series. Vol. 3. No. IS. Sept. 1833. 2 E ' ' 
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also have taken the copper, in preference to the tin, and the 
needle would have deviated accordingly. 

But no deviation occurred. 

Mercury, which is pretty near tin in thermo-electric power, 
was then substituted; and being heated to the melting point 
of tin, a warm iron wire was plunged in, which gave a devia¬ 
tion of 5°: but iron not coming well into contact with mercury, 
a tinned iron wire vras tried, by which a deviation of 6° was 
obtained as before (5.). In this slips of tin were successively 
melted ; but without any manifestation whatever on the 
needle. 

Here we have no evidence of thermo-electricity, on the dis¬ 
appearance of caloric; in the preceding experiments we had 
no evidence of the disappearance or abstraction of caloric, in 
the production of thermo-electricity. To what, then, are w'e 
to attribute the contrary evidence of the previous experiments, 
as the apparatus was certainly air-tight ? 

6. When the wires were separated, the whole heated surface 
was exposed to the air in the bulb; and the portion between 
the heated ends would be most expanded, and least affected 
by the cooling influence of the glass. When they were in 
contact, this, the most effective part of the heated surface, was 
covered up. Hence a momentary expansion upon opening, 
and contraction upon closing the contact of the wires. 

But since when thus in contact they cool less quickly, in 
proportion as they have less effect upon the air; so the w’hole 
time of descent, for 50° of the scale, should be greater, rather 
than less, when closed tlian when open. 

If this were the true explanation, homogeneous wires should 
answer as well as those of different metals. Accordingly, two 
copper wires were passed through a cork, bent and heated as 
before (3.); and the descent of the fluid was found to be sud¬ 
denly stopped and resumed, at the instants of opening and 
closing the contact, just when the wires were of two dif¬ 
ferent metals. 

7. The evidence is therefore opposed to the expenditure of 
caloric in the production of thermo-electricity, and to the 
converse. Yet 1 thought the opposing experiments worth 
stating, (as they were not unlikely to occur to others,) to show 
that they had been tried, and shown to be inconclusive. 

,111. How far is the "Radiation of Heat^ or g.ny collateral pro- 

pertxfi concerned in the Development of Thermo-electricity ? 

8. The result of M. Becquerel’s exact researches, above 

from the Ann. de Chm. et de P^s.^ Aug. lS29f is, 

that the only known property of heat in which the metals take 
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the same order as in tbermo-electricitj’, is that of radiation; 
and therefore he supposes that two pieces of hot metal, in 
contact, radiate in the same proportions as they would if se¬ 
parate and exposed; and that thermo-electricity is a result of 
this inter-radiation. 

This is certainly applying to the term radiation a new 
meaning, very little analogous to its ordinary acceptation*. Yet 
the same quality, whatever it may be, which occasions radiation 
to be more or less copious, may also determine a superficial com¬ 
munication, proportionately copious, though different in mode. 
We have evidence, too, that the superficial absorbent power 
fbr heat, is proportionate to the radiating power; and it seemed 
not very improbable that here might be found some trace 
towards the solution of the problem. 

• 9. If the effects were due to any cause connected with, or 
related to radiation, they should be modified by alterations in 
the surfaces; and by making the surfaces of a thermo-electric 
pair identical, their reaction should be greatly weakened, if • 
not neutralized altogether. 

An iron and a copper wire, of the same size (10 inch), 
were well tinned from end to end, and twisted together for an 
inch. A similar pair, untinned, but polished, were similarly 
joined; and the feet tinned for ^ an inch, that the contacts 
with the mercury might be alike. Instead of the tinned wires 
having their efficacy impaired, they gave greater deflections 
than the clear ones. This unexpected fact, verified in a 
great number of ways, led to a long course of experiments; 
the general bearings of which will occupy a subsequent sec¬ 
tion (VIII.). 

I am at a loss to reconcile with this fact any cause con¬ 
nected with radiation. 

10. To try radiation more directly, and on a larger scale, 
a plate of tinned iron was wired round with tinned iron wire, 
which projected at one corner, for a conductor. A sheet of 
soft tin was also wired round with copper wire, projecting in 
the same manner, and for the same purpose. , The sheet tin 
being laid on the tin plate, with a leaf of bank post paper 
between, to prevent contact, the conductors were plunged 
into the mercury of the magtietest, and a couple of lamps 
placed under the tin plate. The whole soon became hot, 
without deflecting the needle. The tin sheet was now lifted 
off, the paper removed, and a few threads spread about the 

* [It appears to ub, on the contrary, that M. Becquerel here uses the tem\ 
radiation in a sense perfectly similar to its ordinary acceptation: see Sir J. 
Herschel's remarks on the process by which radiation and conduction' Slide 
into each other, in his Prel. Disc, on Nat. Phil.— Edit. ] 

2 E 2 
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tin plate, to keep the sheet tin from touching it, whilst their 
surfaces should be fully exposed for radiation, at an extremely 
small distance. No deflection ensued on thus replacing the 
sheet tin; but on putting a slip of tin-foil in contact with both, 
the needle started off 25°. 

A plate of polished copper was similarly used, first with 
sheet tin, afterwards with the tin plate; but with no effect 
whatever, in either case, until metallic contact was made. 

The total inefficacy of such large radiating surfaces, added 
to the result oP'the preceding experiments, discourages the 
hope of tracing the cause of thermo-electricity to any super¬ 
ficial action analogous to radiation; and more convincing* 
evidence to the same effect will appear (20. ct seq.). 

In fact I have been unable to find any table of radiation 
corresponding with Becquerel’s thermo-electric order. 

IV. Is the proximate cause of Thermo-electricity in any voay 

connected with Conduction ? 

12. Having previously found reason, from the experiments 
of others as well as my own, to conclude that the heat pro¬ 
duced by electricity in metallic conductors (and, with due 
allowance, in liquids and air,) is in the order of) and probably 
in proportion to the resistance it encounters in the body heated, 
W'hether that resistance was owing to inferior conducting pro¬ 
perty or diminished thickness, I was led by the following ex¬ 
periment, compared with some of Becquerel’s, to suspect a 
reciprocity of action, such that electricity, restricted in its 
passage, producing heat; so heat, allowed to flow more freely, 
might produce electricity. 

The circuit from a voltaic coil was divided into 5 parts, 
the two ends next the coil, and the 5th or middle piece, being 
of stout copper wire, the ends each 2 feet, the middle piece 
4 feet long; the connexions from each end to the middle piece 
were fine silver wire y^^th of an inch thick. Thus no electricity, 
positive or negative, could reach the middle piece except 
through these fine wires. 

The charge being now made such as to warm the silver 
wires, a magnetic needle was moved along the circuit, which 
was laid (ap ortion of the middle piece, of course, excepted,) in 
the magnetic meridian. Its equidistance from the conducting 
wire was ensured, by the card, on which it was supported, be¬ 
ing kept always in contact therewith. When over the copper, 
eimer of the middle or end pieces, the divergence was 56°; 
when over either of the silver wires, 26°. Thus heat seemed 
to be produced, by restriction of the current, on entering the 
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silver wire; and the full electrical effect appeared to be re¬ 
stored when the obstruction was overpassed. 

IS. Becquerel found {ubi supra) that a circle of platinum 
wire, of equal diameter throughout, produced no current when 
heated in any part; but a knob being made in the circle, and 
heat applied near it, on either side, a current set always from 
the heated point tow'ards the knob, where the heat had room 
to diffuse itself. 

Also, that on soldering together the ends of his magnetest 
wire, no current ensued, when the point of junction was heated 
even to redness; but on touching the wire on either side of 
the heated’ point with a cold piece of the same metal, the 
current immediately set towards the part, so touched. 

14. It is true that the tables of conduction for heat and elec¬ 
tricity, contrasted by Gumming with that of thermo-electricity, 
deny the presumption of any connexion between them. But 
there would appear to be two properties of conduction for ca¬ 
loric,—promptitude and final efficacy. For although we handle 
platinum wire, at two inches distance from a red-hot point, in 
operations with the blowpipe, which hardly any other metal will 
admit of, yet M. Despretz found that a rod of platinum even¬ 
tually became hotter, at a given distance from a given source 
of heat, than any other metallic rod of equal dimensions; and 
if thermo-electricity be influenced by conduction at all, it must 
be by promptitude of conduction, for very short distances: 
whilst the tabjes hitherto published refer to a property com¬ 
pounded of the two, or intermediate between them. 

A cupper and an iron wire, drawn so that equal lengths 
corresponded to the atomic weights, were bound with thread 
for an inch each, cut off at 4 an inch above the binding,—this 
^-inch bent over in the form of a hook, and the end filed fiat. 
The two wires, thus prepared exactly alike, were fixed to a 
little wire frame, to keep them parallel and separate, and the 
filed ends dipped into melted lard. A couple of orange peas, 
of equal weight and size, were also dipped in the lard. When 
cold, the cohesion of the lard was sufficient to support the 
little balls against the ends of the wires. The bound part of 
the wires was now plunged into warm mercury, and the ball 
soon fell from the copper by fusion of the lard. The wires 
were then cooled by plunging the bound part into cold mer¬ 
cury, and the balls interchanged. On replunging into warm 
mercury, the bail fell again from the copper; and this always 
took place on repeated interchange of the balls, and alterna¬ 
tion of cold and heat; the ball falling every time from the cop¬ 
per, until the mercury was cooled so far that the lard would 
not melt, and so that neither ball would fall. This was decisive 
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in favour of the conducting power of copper, down to a very 
low heat, and at ^ an inch distance. 

15. To try at still shorter distances, two other lengths of 
the same wire were twisted together for ^ an inch, then separated 
for an inch, and the other ends brought near together, fur 
holding in a pair of cold pliers. (The twist was tarnished, to 
prevent metallic contact between the mercury and copper, 
which also was the object of the thread-binding in the former 
part of'the experiment.) Spots of lard were now placed, at 
equal distances from the twist, on the iron and on the copper, 
and the twist plunged into the warm mercury. The lard became 
transparent (by melting) first on the copper: and this on repe¬ 
tition, whatever the distances, down to ^-th of an inch; and what¬ 
ever the temperature, so long as it was sufiUcient to melt the 
lard at all. Varying the sizes and proportions of the wires, 
tinning their surfaces, to prevent unequal waste of heat, m 
transitu^ by radiation, did not alter the result. In every in¬ 
stance, for equal distances, the lard first became transparent 
upon the copper wire; which is thereby proved, for low heats 
and short distances, to retain its character as the better con¬ 
ductor for caloric. 

16. To ascertain the conducting powers for electricity of 
very low tension, a pair of iron and a pair of copper wires, 
atomically proportioned as before, and each 2 inches long, 
had ^ an inch at each end bent down at right angles, and the 
points tinned, for equal contact with the mercur}’. Through 
these wires, two other mercury boxes were connected with 
those of the magnetest, an iron and a copper wire being em¬ 
ployed on each side. Into the further boxes dipped the ends 
of a thermo-electric pair, of copper and tinned iron, of which 
the other ends were twisted together, and the twist was ex¬ 
posed to an equable heat, until the needle became stationary 
at 18®. 

The short iron wires were now removed, leaving the con¬ 
duction to be carried on by the short copper ones only: no 
appreciable change took place in the deflec^on. 

The iron wires being now replaced, the copper ones were 
removed, leaving the conduction entirely to the iron. The 
needle receded more than a degree, and sometimes nearly 2°, 
confirming the superiority. of copper as an electrical con¬ 
ductor, for extreme low tension and very short distances. 

1‘J. But as heat also enters into the question, the apparatus 
remaining as described, a spirit-lamp was brought under the 
middle of the copper leg of the thermo-electric pair, and con¬ 
tinued there until the point acted upon by the flame became 
red hot. Little or no change took place in the deflection. 
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The lamp being then removed to the iron leg, the needle 
receded 2° before the beat had attained redness. Thus the 
conducting power of iron suffered more from heat than that 
of copper. 

18.1 ron being th us proved to be inferior in cond ucting power, 
both for heat and electricity, in circumstances directly in point, 
to copper, cannot owe its thermo-electric superiority to that 
property; and, extending the analogy to other metals, the in¬ 
ference at the beginning of this section would seem to be re¬ 
futed. But the following section will bring the question be¬ 
fore us in a different point of view. 

[To be continued.] 

XLI. Proceedings of Laamed Societies. 

ROYAL SOCIETY. 

April 15. A PAPER was read, entitled, "On Improvements in the 

Instruments and Methods employed in determining 
the Direction and Intensity of Terrestrial Magnetism." By Samuel 
Hunter Christie, Esq. M.A. F.ll.S. 

The tedious nature of tlie observations by which the direction and 
intensity of the terrestrial magnetic force are determined, and the un¬ 
certainty attending the results when obtained, have long been a sub¬ 
ject of regret to all who are engaged in the investigation of the phx- 
nomena of terrestrial magnetism. Sensible of this, the author's at¬ 
tention has at different tinnes been turned to the improvement of the 
instruments employed for these purposes; and in this communication 
he proposes methods by which he considers that these instruments 
might be so improved that the results should be obtained with greater 
facility and also with greater certainty. ITie uncertainty attending 
the results obtained with the dipping needle, a.s at present construct¬ 
ed, arises principally from the two sources, friction upon the axis, and 
the want of coincidence of the needle’s centre of gravity with the axis 
of motion; the latter rendering necessary the inversion of its poles. 
The author suggests a method by which he considers that, probably, 
the friction may be diminished ; but he has principally directed his 
, attention to obviate the necessity of the inversion of the poles. 

In order to remove the practical difficulty attending the adjustment 
of the centre of gravity to the axis of motion, an operation in which 
the artist rarely, if ever, completely succeeds, the author proposes to 
dispense with this condition; and shows how the dip may then be 
determined, without the necessity of inverting the poles of the needle, 
the position of its centre of gravity having been determined previously 
to its being magnetized. The advantages attending the method pro¬ 
posed by the author are not, however, restricted to the determination 
of the dip with greater accuracy and greater facility : a further and 
still greater advantage attending the use of a dipping needle on the 
principle he pri^xises, is, that a measure of the terrestrial magnetic 
intensity will be obtained by the same observations, which give the 
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dip; so that, by this means, the observations usually required for that 
purpose, and which are of the most tedious nature, will be avoided. 
To effect both these objects in the most convenient manner, he pro¬ 
poses that the needle should be so constructed that its centre of gra¬ 
vity should be out of the axis of motion, in a line perpendicular to that 
axis and to the axis of the needle. The requisite fonnuieefor deter* 
mining the dip and the measure of the terrestrial intensity, in this 
case and also when the centre of gravity is in any ocher position, are 
investigated in the paper. Mayer had previously pointed out that the 
dip might be determined by means of a needle having its centre of 
gravity out of the axis of motion, and had given the formulae requisite 
for that purpose. His object, however, does not appear to have been 
the same as our author’s,—the avoiding in all cases that source of 
inaccuracy, the inversion of the poles of the needle,—but simply the 
determination of the dip, whether the centre of gravity of the needle 
were made to coincide with the centre of motion, or not: the deter¬ 
mination of a measure of the terrestrial intensity, by such means, does 
not appear to have entered into his contemplation. 

As another form in which the same principles might be advan¬ 
tageously applied, the author proposes that two needles, similar in all 
respects, should be placed on the same axis* and points out how, by 
means of such a compound needle, both the dip and intensity might 
be determined ^ independent methods, so that the agreement of the 
results would afford a test of the accuracy of the adjustments and of 
the observations. He considers that the knife-edge support, which 
has recently been adapted to a dipping needle, would be peculiarly 
applicable to a needle of this construction. The sensibility of such a 
needle would be much greater l^an that of any hitherto constructed, 
and the utmost delicacy would be required in the adjustments ; but 
if the needle were accurately constructed, and due care were taken in 
tlie magnetizing, and in making the adjustments and observations, 
the author expects that the dip and intensity would be determined to 
a degree of certainty hitherto unattained. 

The advantages proposed to be derived from the use of a dipping 
needle on the principle described in this paper, are, that as the dip 
would be obtained without inversion of the poles, the results would 
be less liable to error than when that operation is necessary, and the 
observations v^ould be made in less than half the time usually re¬ 
quired; and that a measure of the intensity of terrestrial magnetism 
would be obtained from the same observations which give the dip, 
the intensity of the force being thus always determined by means of 
the same needle, and at the same instant as its direction. 

May 2.—A paper was read, entitled, Essay towards a first ap¬ 
proximation to a*Map of Cotidal Lines,” By the Rev. -William 
Whewell, M.A.F.R.S. Fellow of Trinity College Cambridge. 

The general explanation of the phsenomena of the tides originally 
given by Newton, although assented to by all subsequent philoso¬ 
phers, has never been pur/iued in all the details of which its results 
are susceptible, so as to show its bearing on . the more special and 
local phsenomena, to connect the actual tides of all the different parts 
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of die world, and to account for tbeir varietiea and seeming anotha- 
liea. The first*scientific attempt that was made to compare the de¬ 
veloped theory with any extensive range of observations, was that of 
Daniel BernouilU in 1740: the subject has since been pursued by 
Laplace and Bouvard. and still more recently by Mr. Lubbock. But 
the comparison of contemporaneous 'tides has hitherto been unac¬ 
countably neglected : and to this particular branch of the subject the 
researches of the author are in this paper especially directed; the 
principal object of his inquiry being to ascertain the position of what 
may be called cotidcA lines, that is, lines drawn through all the adja¬ 
cent parts of the ocean where it is high water at the same time; as, 
for instance, at a particular hour on a given day. These lines may 
be considered as representing the summit or ridge of the tide-wave 
existing at that time, and which advances progressively along the 
sea, bringing high water to every place where it passes. Hence the 
cotidal lines for successive hours represent the successive positions of 
the summit of the tide-wave, which in the opert sea travels round the 
earth once in twenty-four hours, accompanied by another at twelve 
hours’ distance from it, and both sending branches into the narrower 
seas. Thus a map of cotidal lines may be constructed, at once ex¬ 
hibiting to the eye the manner and the velocity of all these motions. 

Although the observations on the periods of the tides at different 
places on the coast and different parts of the ocean, which have been 
at various times recorded, are exceedingly numerous, yet they are 
unfortunately for the most part too deficient in point of accuracy, or 
possess too little uniformity of connexion to afford very satisfactory 
results, or to admit of any extended comparison with theory. With a 
view to arrive at more correct conclusions, the author begins his in¬ 
quiry by endeavouring to determine what may be expected to be the 
forms of the cotidal lines, as deduced from the laws which regulate the 
motions of water : and he proceeds afterwards to examine what are 
their real forms, as shown by the comparison of all the tide observa¬ 
tions which we at present possess. 

The paper is divided into five sections. In the first the author 
treats of cotidal lines as deduced theoretically from the known laws 
of the motion of fluids. On the supposition that the whole surface of 
the globe is covered with water, the cotidal lines would coincide with 
the meridians, and would revolve round the eafth from east to west 
in something more than twenty-four hours, with a velocity of nearly 
1000 miles an hour at the equator. The form and the regularity of 
these lines would be materially affected by the interposition of land 
in different parts.of this ocean, whether in detached islands, or 
groups of islands, or large continents, occupying a considerable por¬ 
tion of the surface. In these cases the primary wave will be broken, 
deflected and variously modified, so as to give rise to secondary or 
derivative tide.s, sometimes separating into branches, and producing 
points of divergence $ sometimes uniting at various places, or points 
of convergence 3 and at ether times producing, by more complex 
combinations, various phsenomena of interference, and other appa- 
rendy anomalous results. Such is the general character of the tide- 
Third Series, VoK 3, No. 1/5. Sei^t, 18S3. 
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waves that actually proceed along the coasts of the Atlantic: and 
^he modiScations in their course and velocity are still more per¬ 
ceptible in bays, gulfs, and narrower channels and inlets of the sea, 
as well as in their progress along rivers. The author traces in detail 
the effects which these different circumstances may be expected to 
produce. He adverts to an important distinction which has frequently 
been lo.st sight of, between the progressive motion of the tide-wave 
and the actual horizontal motion of the water, or tide-current \ mo¬ 
tions which do not bear any constant relation to one another. Hence 
the change in the direction of the current does dot invariably indicate 
the rise or fall of the water. 

In the second section he examines the causes which have led to 
Inaccuracy in making observations on the tides; the first of which is 
dependent on the circumstance just mentioned, of the occasional 
'want of correspondence between the times of high and of slack water; 
the former referring to the moment of greatest elevation, the latter 
to that when the direction of the current changes. The other causes 
of error are derived from the change which takes place in the course 
of the day in the moon's angular distance from the sun ; from the 
half-monthly inequality in the establishment, arising from the relative 
position of the sun and moon during each lunation; and from the 
necessity that exists of making a correction for what may be termed 
the/rgeof the tidej that is, the interval of time which has elapsed 
between the period of the origin of the wave and the time of its actual 
arrival at the place of observation. 

The third section, which forms the chief bulk of the paper, is oc¬ 
cupied by a statement and discussion of the tide observations now 
extant, and which the author has, with great industry, collected from 
a variety of sources, both of published accounts, and of manuscript 
documents preserved In the Admiralty. Commencing with the tide- 
waves, first of the eastern and then of the western coasts of the At¬ 
lantic, he follows them to the Northern sea, and to the different coasts 
of the British islands, and of the German Ocean. He passes next to 
the examination of those of the Southern Atlantic at Cape Horn and 
the adjacent coa.sts } thence tracing them, as far as the present im. 
perfect data will allow, along the western shores of the American con¬ 
tinent, to the central parts of the Pacific, and in their progress across 
the Austrafian and Indian Oceans. He likewise examines the con¬ 
dition of the tides in rivers, as to the magnitude and velocity of the 
undulations, the occasional production of a high and .abrupt wave, or 
bore, and as to the influence of the natural stream of the river upon 
the different periods of elevation or depression of the water. 

The fourth section contains general remarks on the course of the 
tides, suggested by the preceding review of the phsenomena they pre¬ 
sent ; on the velocity of the tide-wave; on the form of the cotidal 
lines; on the currents which attend the tides ; on the production of 
revolving currents; on the magnitude of tides; and on the constancy 
of the cotidal lines. He adverts also to some peculiarities resulting 
from interference,such as the differences of the two diurnal tides,«nd 
occasionally the occurrence of single day tides. 
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In the concluding section the author offers various suggestions re¬ 
specting the most eligible mode of making observations on the tides, 
and of correctly reducing them when made. 


GEOLOGICAL SOCIKTV. 

February 27.'—A paper, commenced during the last Session, en¬ 
titled Description of Parts of the Kingdoms of Valencia, Murcia, 
and Granada, in the South of Spain," by Capt. Cook, R.N» F.G.S., 
was concluded. 

A paper entitled ^^Observations relative to the Structure and 
Origin of the Diamond,” by Sir David Brewster, K.C.H. LL.D. 
F.G.S. &c., was then read. 

In the year 1820, the author communicated to the Royal Society 
of Edinburgh a singular fact relative to the structure of the dia¬ 
mond, accompanied with some conjectures respecting the origin of 
this remarkable gem :—the present essay may be viewed as a con¬ 
tinuation and extension of the same inquiry. 

The author refers to the remark of Newton, that amber and the 
diamond have a refractive power three times greater in respect of 
their densities than several other substances ; and he quotes New. 
ton's conjecture, founded on that remark, of the diamond being 
probably, like amber, an unctuous substance coagulated. In proof 
of the intimate relation between the inflammability and absolute 
refractive power of ladies, Sir D. Brewster adds the facts, tliat 
sulphur and phosphorus exceed even the diamond in absolute power 
of refraction, and that these three inflammables stand before all 
solid and fluid substances in their absolute action upon light. 

Another close analogy between the diamond and amber, inde¬ 
pendently of their like locality and carbonaceous nature, was traced 
by the author in their polarizing structure. Both of these minerals 
contain within their substance small cells or cavities, filled with air, 
the expansive force of which has communicated a polarizing struc¬ 
ture to the parts in immediate contact with the air. The descrip¬ 
tion of this structure, which is displayed from sectors of polarized 
light encircling the globule of air, is illustrated by drawings. 

The author contends that the peculiar polarizing power around 
the cavities in amber and in the diamond must have been occa¬ 
sioned by the expansive force of the confined substance, supposed 
to be gaseous, compressing the sides of the cells, while the sub¬ 
stance of the minerals was in a soft and yielding condition. A 
similar structure may be produced in glass, or in gelatinous masses, 
by a compressing force, propagated circularly from a point. 

Having thus shown that the diamond was at one time in a soft or 
Pasty state, the author argues that this state was not produced by 
Igneous fusion. For in his laborious examination of the cavities in 
crystals, both natural and artificial, such as topaz, quartz, amethyst, 
chrysoberyl, &c., and in salts, he observed the condition of many 
thousand cavities; but in no case, neither in crystals formed by 
means of igneous fusion nor by aqueous solution, did he observe 
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a single cavity in which the expansible fluid within had communi¬ 
cated a polanzing structure, similar to that around the cavities in 
the diamond. He believes, therefore, that the softness must have 
been that of semi-indurated gum; and that the Siamond was de¬ 
rived from the decomposition of vegetable matter, as is admitted to 
have been the case with amber. The crystallized condition of the 
diamond is not to be considered as decisive against this inference, 
since the mineral called raellite has a distinct crystallized form^ 
while its composition and locality attest a vegetable origin*. 

A notice “On the Occurrence of the Bones of Animals in a 
Coal-mine in Styria,” by Professor Anker, of Joanneum in Gratz, 
was then read, 

March 13.—A paper, entitled “Geology of the Environs of Bonn," 
by Leonard Horner, Esq- F.G.S. P.R.S. &c., was read. 

The district described by the author lies on both sides of the 
Rhine,—the Siebengebirge, or Seven Mountains, constitute the 
chief feature; and the highest point in the group, the Oelberg, is 
1369 English feet above the level of the sea. It possesses peculiar 
interest to the geologists of England, as being the nearest point 
where volcanic phenomena, approaching in character to those of 
modern times, can be seen. 

The lowest stratified rock is grauwacke, which seems to belong 

* [As the subject of the origin of the diamond was discussed in our pages 
some years ago, we annex an historical remark or two to the above abstract 
of Sir U, Brewster’s paper. In the communicatlbn to the Royal Society 
of Edinburgh, alluded to in the abstract, it was argued that the original 
compressible state of the diamond could not have arisen from the action of 
heat, on account of “the nature and recent formation of the soil in which 
it is found.” Mr. Brayley, when discussing the arguments in favour, re¬ 
spectively, of the vegetable and the mineral origin of this gem (in a notice 
headed “ Origin of the Diamond!^ published in the Phil. Mag. and Annals, 
N.S., vol. i. p. 147—149, and signed E. W. B.), observed, that the disco¬ 
very, subsequently to Sir D. Brewster’s researches, of a cliamoud in a ma¬ 
trix of brown ironstone occurring in beds subordinate to chlorite slate in 
the Brazils, and the information, also subsequently promulgated, that the 
diamonds of Southern India are found in an ancient breccia, removed Sir 
David’s objection on this point. Mr. Brayley inferred, therefore, since, for 
aught that had been advanced to the contrary, the compressible state once 
possessed by the diamond might have resulted from the action of heat, that 
the optical characters discovered by Sir D. Brewster, did not necessarily 
refer its origin to the vegetable kingdom. 

In the paper read before the Geological Society, however. Sir D. Brew¬ 
ster shows, in a direct manner, by comparing the optical characters of the 
diamond with those of other crystallized substances, that the original soft 
. or pasty state of the former could not have been produced either by igneous 
fusion or by aqueous solution. The evidence now adduced on this point 
is therefore quite independent of the geological situation of the gem; and 
it would appear to be impossible to refer it to any other than a vegetable 
orimn, as originally suggested by the author of the paper. 

We observe that Dr. Thomson’s statement of the geological situation of 
the diamond (Inorg. Chem. vol.i. p. 156.) is derived from the above-cited 
notice in ihe Phil. Mag. and Annals.— 
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to the later ages of that deposit, and to appraech in character, in 
some parts of the district, to the old red sandstone. There are 
no associated beds of limestone. The strata are in general highly 
inclined, but they are found at all angles; and there is neither uni¬ 
formity in the strike nor in the dip; the strike is most usually N.E. 
and S.W., the dip more frequently S. than N. In the immediate 
neighbourhood of the Siebengebirge, the strata are thrown up in all 
directions, evidently by the eruption of the volcanic matter. 

The whole of the later secondary series is wanting, and the 
grauwacke strata are covered, unconformably, by a tertiary deposit, 
consisting of beds of sand, sandstone, clays, and lignites, wicli col¬ 
lectively constitute u brown coal formation. This is covered by an 
extensive bed of gravel, and above the gravel is a loosely coherent, 
sandy loam, containing land shells of existing species, and called 
in the Rhine valley. Loess. From under the grauwacke there have 
burst forth a svariety of unstratified rocks, consisting* of various 
modifications of trachyte, trachytic tuff, basalt, and other modifi¬ 
cations of trap. The main body of the Siebengebirge is composed 
of these volcanic rocks. 

There are many varieties of the trachyte, from a highly crystalline 
rock, with separate crystals of felspar of great size, very like a large¬ 
grained granite, to a compact stone of uniform structure, like com¬ 
pact felspar or phonolite. The trachytic tuff also assumes various 
appearances, from that of a coarse conglomerate to a white earthy 
substance, scarcely distinguishable from chalk. There is no evi¬ 
dence of the trachyte having flowed in a stream, and the author saw 
it only in one place in the form of a dyke. There are several 
varieties of trap, but the most common is a compact black basalt, 
in many places in perfect columns. There are numerous dykes 
of basalt. A remarkable eruption of trap tuff, penetrated by ba¬ 
saltic dykes, occurs at Siegburg, where three cones, of about 200 feet 
in height, rise abruptly in the midst of an alluvial plain, nearly on a 
level with the Rhine. 

The author points out the affinity which Von Such has shown to 
exist between the mineral composition of all the unstratified rocks, 
and how a series of insensible gradations could be formed, through 
trachyte and the trap family, from granite to modern lava. He shows 
that a suite of specimen.^ could be collected in the Siebengebirge, 
passing insensibly from large.grained white trachyte to compact black 
basalt; and that these hills aSord many interesting facts corroborative 
of the opinion advanced by M. Gustave Rose respecting the identity 
of hornblende and augite. Notwithstanding, however, this connexion 
between the several volcanic rocks, the author points out distinct 
evidence of different epochs of formation among them. He is of opi¬ 
nion that the greater part of the trachytic tuff was the first ejected; 
that it was similar to those showers of scoriae and ashes which fre¬ 
quently precede the eruptions of streams of lava; and that it is not, 
as some previous writers have supposed, a rock recomposed from the 
disintegration of pre-existing trachyte. He saw the trachytic tuff 
traversed in one place by a dyke of trachyte, and it contains nuraejrou.s 
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ballSf like volcanic bombs, of varieties of trachyte, quite distinct in 
character from any found en masse. It is traversed in many places 
by trap dykes; and as these last are also found traversing solid tra* 
chyte, the subsequent eruption of the trap is demonstrated. He 
discovered no instance of the recurrence of trachyte after basalt had 
begun to flow. There is on the side of the Rhine, opposite to the 
Siebengebirge, an extinct volcano, of comparatively modern date, 
the Rodderberg, composed of cinders and scorified rocks. The cra¬ 
ter is about a quarter of a mile in diameter, and a hundred feet 
deep: a farm-house, surrounded by corn-fields, stands in the middle 
of it. s 

The brown coal formation is composed of beds of loose sand, 
sandstone, and compact siliceous conglomerate, which often, in mi¬ 
neral structure, cannot be distinguished from many varieties of grau- 
wacke; of clay, abounding with balls and layers of clay ironstone ; 
and of many varieties of lignite, from the state of a light brown earth, 
to a black compact shining mass, or jet. All of these are frequently 
met with in thick beds, and the lignite is most extensively worked for 
fuel* They contain numerous impressions of leaves, and stems of 
trees are very abundant. With the exception of casts of Lymnata and 
Planorbisy in an opake white chert, of very limited extent, no shells, 
fresh-water or marine, nor any remains of mammalia or birds, have 
been found in any part of the formation; but in some beds of the 
lignite, impressions of fresh-water fishes, the Leuciscus 'papyraceus of 
Agassiz, are found in great abundance, and there have also been found 
extinct species of frog/ salamander, and triton, together with remains 
of insects, which Professor Goldfuss considers to belong to the genera 
hucanus^ CerambyXy AnihraXi Cantharis, and eight others. 

The author submitted the specimens which contain impressions of 
leaves, to the examination of Ffofessor Lindley. Most of them are in 
too imperfect a state to admit of any accurate determination, but 
they consist generally of casts of portions of dicotyledonous leaves; 
and among them are two species, the existence of which is suffi¬ 
cient to determine the relative age of the formation, and, with great 
probability, the then warm climate of the North of Germany, viz. 
Cinnamomum duke and Fodoc(ir]ms macrophyllus : there are besides 
impressions of leaves very clearly belonging to the Palm. It is re¬ 
markable, however, that a recent examination by Professor Ndgge- 
rath of Bonn, and M. Cotta of Heidelberg, of an extensive suite of the 
iroodsfound in this brown coal formation, did not disclose a single in¬ 
stance of a monocotyledonous tree. 

A vast deposit of gravel, chiefly composed of quartz, but containing 
* also a few fragments of basalt, trachyte, transition limestone, and 
hunter sandsteiUy lies over the brown cool formation, Sometimes 
being only a thin covering, at others attaining a thickness of 1^5 
" feet. It is very distinct in character from the gravel now forming the 
bed of the Rhine, and is older than some of the volcanic eruptions, 
for a patch of it rests on the edge of the crater of the Rodderberg, 
covered by volcanic ashes. 

The author next proceeds to point out what he considers the rela- 
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tive age of this brown coal formation, a task extremely difficult, from 
the almost total. absence of shells, and the imperfect state of the 
means of determining an epoch of formation by fossil plants. By 
previous writers it has been assigned to the plastic clay of the Paris 
basin; but it appears to the author to possess no other character of 
identity than the mineral composition of some of the beds, and the 
occurrence of lignite, which prove nothing as to age. The amphi* 
bious animal remains resemble those of the great fresh-water deposit 
of (Enirtgen 3 but the few shells which occur, and the plants, are 
identical in species with many of thpse occurring in the older fresh¬ 
water beds of Alx in Provence. It seems to be very clear, that it is 
an exclusively lacustrine deposit, and the organic remains, the only 
evidence of age to be relied on where there is none from superpo¬ 
sition of other beds, imperfect as they are,, would seem to indicate a 
more modern date than the plastic clay. The author states that a 
distinguished geologist of Bonn has expressed his belief that it is 
even older than the chalk 3 but that although the opinions of that 
experienced observer are entitled to great respect, he cannot; recon¬ 
cile the pheenomena described with anything known respecting the 
secondary rocks. 

The determination of the age of this brown coal formation is of the 
highest importance, as fixing the periods of eruption of the extinct vol¬ 
canos of the Lower Rhine; for the author of this paper shows, that the 
trachytic tuff contains leaves of plants identical with those found in 
the clay and sandstone deposits ; that extensive layers of trachytic 
tuff are interstratihed with the beds of the formation in many places 3 
and that in one situation a mass of basalt, thirty feet thick, lies upon 
beds of coal thirteen feet in thickness. The conclusions which the 
facts appear to the author to justify, are, that there existed a vast 
fresh-water lake, in which the brown coal beds were deposited 3 that 
during that deposition volcanos burst forth at the bottom of the lake, 
iis they do now at the bottom of the sea 3 and that a continuance of 
volcanic action, or of elevatory force, raised the Siebengebirge after 
the deposit had ceased,—perhaps ut the very time when the basalt or 
trap eruptions took place, since near the summit of the Mandeberg, 
a columnar basaltic cone, there is a patch of brown coal beds at the 
height of nine hundred feet above the surface of the Rhine. 

The last great formation, if it may be so termed, of this district, 
lying upon the gravel in which the present bed of the Rhine is cut, 
is that most remarkable deposit the Loess, a friable sandy loam, full 
of existing species of land shells, without river shells, and without 
plants, but containing bones of the Elephas primigenius and R/iino- 
ceros tichorinus. It is found in detached masses, of vast thickness,* 
but without any signs of stratification, and sometimes at a height of 
600 feet above the Rhine, and may be traced with scarcely any inter¬ 
ruption from Bonn to Basle, u distance of 250 miles. The author 
states that all the facts yet observed with respect to it, lead him to 
conjecture that its origin may have been owing to the sudden burst¬ 
ing of an extensive lake situated somewhere between Constance and 
Basle, and that subsequent denuding causes have carried away the 
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enormous mass of matter deposited by this sea of mud, leaving only 
detached poiiions as monuments of the passing of the mighty torrent. 

Ntarch 27.—The first part of a memoir “On the sedimentary de« 
posits which occupy the western parts of Shropshire and Hereford¬ 
shire, and are prolonged from N.E. to S.W., through Radnor, Breck¬ 
nock, and Caermarthenshires, with descriptions of the accompanying 
rocks of intrusive or igneous characters,” by Roderick Impey Mur¬ 
chison, Esq. F.G.S. F.R.S. &c., was read. 

.4fter adverting to the want of definite knowledge of the order of 
succession, and of the fossiliferqps characters of those great deposits 
anterior to the old red sandstone, and commonly called transition 
rocks (fossiliferous grauwacke, De la Beche), the author states that 
the task of attempting to separate them into distinct formations, was 
first suggested to him by ^e very clear and perfect exhibition of their 
details in the country under review. 

The present work has already occupied large portions of the two 
last summers, and has for its basis the maps of the Ordnance survey, 
coloured geologically by the author. To the Master General of tlie 
Ordnance, to Col. Colby, Capt.Robe, and the Officers of His Majesty’s 
Map-office, for their assistance in supplying him with good geogra¬ 
phical data, and also to Mr. Budgin, one of the Field-Surveyors of 
the Ordnance, the author acknowledges his obligations. He next ad¬ 
verts to the unpublished yet valuable observations of Mr. Arthur Aikin, 
made many years ago in the north-eastern portion of the country de¬ 
scribed : and he further expresses his sincere thanks to many resident 
gentlemen who assisted him in his observations. 

The memoir is divided into three parts. The first contains an ac¬ 
count of the overlying deposits of new red sandstone, coni measures, 
mountain limestone, and old red sandstone, each of which is in con¬ 
tact with, or contiguous to, the transition rocks (grauwacke series) in 
some portion of the region described. The second and most exten¬ 
sive part explains the subdivisions and relations of the grauwacke se¬ 
ries as exhibited within a zone of country extending from theWrekin 
near Shrewsbury on the N.E., to the mouth of the Towey, near Caer- 
marthen, on the S.W. ,• and the third part is to be devoted chiefly to 
the consideration of the rocks of intrusive or igneous characters, and 
their effects upon the associated strata. 

Part I. On the New Red Sandstone, Coal Measures, Mountain 
Limestone, and Old Red Sandstone. 

1. Neu) red sandstone .—^This is the youngest secondary formation 
in contact with the transition rocks, and is exhibited on both sides of 
the Severs, near Shrewsbury, being superposed to coal measures, to 
various members of the grauwacke series, and to trap rocks of diffe¬ 
rent characters, in all of which situations it is undisturbed. 

vThe oldest strata of this formation are compared .with the rolh^- 
todte-liegende of Germany, or the older new red of the North of En¬ 
gland, and are shown to underlie a dolomitic conglomerate at Alber- 
bury and Cardeston. The superior members on the north bank of 
the Severn, consist of fine-grained sandstones, for the most part red, 
but offering at Grinshill, 7 miles N.E. of Shrewsbury, a subordinate, 
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white building-stone, of excellent quality. Small quantities of the 
ores of copper and cobalt, arc mentioned as occurring in the forma¬ 
tion near Grinshill and Ilavvkstone, ike. Much sulphate of barytes 
and decomposed pyrites are diffused through the mass of these rocks. 
No organic remains have yet been discovered in them. 

2. Coal Measures, «. Coal field of Coalbrookdale *—This coal-field 
is stated to rest at Steeraways and hear Little Wenlock, on a thin 
hand of limestone, which, from its fossils, is shown to be true moun¬ 
tain limestone; whilst in the contiguous extension of this field, the 
carboniferous strata overlie, unconformabhj^ various members of the 
grauwacke series, with one of which, the transition limestone of Wen- 
lock Edge, they are brought into conformable apposition at Lincoln 
Hill, on the Severn. The complicated relations of the deposits within 
this small and disturbed district, east of the Wrekin, are referred to 
the protrusion of basalt and green-stone, which occasionally tilt the 
strata at high angles, and sometimes occupy the seats of faults. 

b. Coalfields in the immediate vicinity of Shrewsbury.~0^ these, 
the most important is a curvilinear zone extending from the north¬ 
eastern flank of the Brythin Hills to Wellbatch, near Shrewsbury, 
the carboniferous strata reposing on the inclined edges of the grau¬ 
wacke rocks, and dipping towards a common centre beneath the new 
red sandstone. Detached portions of the same zone are again 
found at Sutton and at Ufiington; and they also follow the sinuous 
outline of grauwacke on the northern flanks of the Longmynd and 
Cacr Caradoc. At Pitchford, the whole carboniferous series is re¬ 
presented by a bituminous breccia of a few feet in thickness. 

Three thin beds of coal arc, for the most part, observable, and 
the deposit is distinguished by an included bund of limestone, simi¬ 
lar in mineral aspect to the lacustrine limestones of Central France, 
and containing minute shells refcrrible to freshwater genera. The 
vegetable remains of the associated shales are chiefly analogous to 
the plants of other coal-basins; but those of Lc Botwood are rich in 
the new species, Neuropteris cordaia^ whilst the shale of Pontesbury 
has offered a beautiful example of Pecopteris blechnoides in fructifi¬ 
cation. 

After demonstrating the slight commercial value which can be 
attached to the thin deposits of this age, the author speculates on 
the probable importance of the outer zone or Pontesbury-field, which 
he presumes may expand to a great thickness in its passage beneath 
the new red sandstone of N. Shropshire and Cheshire- 

c. Coal fields in the Clec Hills .—These fields arc thrown up to 
considerable heights above the adjoining country of old red sand¬ 
stone, both in the Brown Clee, and the Titterstone Clee Hills, the 
coal being for the most part covered with basalt. 

The Brown Clee is distinguished by two tabular summits of black 
basalt (Jewstone), the highest of which is 1806 feet above the sea. 
The coal-bearing strata have for their base a hard sandstone occa¬ 
sionally congloraeritic, the equivalent of the millstone grit. On 
three sides of this ridge, these very thin and poor coal measures 
repose on old red sandstone, which to the west is a coarse cooglo-' 
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merate; but on the fourth or south-eastern side, there is inter- 

( »osed between the old red and the lower coal grits, a thin zone of 
imestone, which the author, therefore, refers to the age of the 
mountain limestone. Several faults are mentioned as traversing 
this coal tract from S.W. to N.E., one of which has been the source 
of eruption of much basaltic matter. 

The Titterstone Clee Hill is next described; and details are pre¬ 
sented of those parts only which were unnoticed in Mr. R. Wright’s 
memoir. The most important of these relate to the Knowlbury field, 
which, from its juxta-position to the larger field of Coalbrook, the 
author terms a parasitic basin, and shows that it contains five seams 
of coal and some bands of ironstone. The strata around the verge 
of this basin are highly inclined, the dip diminishing as it approaches 
towards a common centre. Sections across this small basin exhibit 
considerable faults, which always occur as upcasts towards the higher 
sides of the hills, where the basaltic matter has found vent; coal, in¬ 
cluded between two of these upcasts, is described as much thickened 
and in the state of cannel coal. 

Many fossil plants of new species from the Knowlbury and Gut¬ 
ter Works are described by Professor Lindley. Recent investiga¬ 
tions of Mr. Lewis are mentioned, which prove the existence of a 
central dyke or funnel of basalt, thereby confirming the opinion 
formerly expressed by Mr. Bakewell; and a complete transverse 
section of these hills shows, that some beds of coal have been car¬ 
ried up on the top of the basalt, and that this rock has flowed late¬ 
rally so as also to overlie the coal. Although these coal measures 
rest, in the greater part of their circumference, on the old red 
sandstone, the existence of an interpolated band of (rue mountain 
limestone is pointed out, which from the thickness of a few feet near 
Bennett’s-end, extends to a maximum development of about 60 
feet beneath one part of the Cornbrook field, where it contains sub¬ 
ordinate beds of fine oolite, marl of various colours, abundance of 
characteristic organic remains, and is much contorted and dislo¬ 
cated. 

At Orelton, near the north-eastern extremity of this range, and 
thus connecting it with the more eastern coal-fields, is a tortuous 
range of oolitic mountain limestone, which rests upon the old red 
sandstone and, exhibiting some extraordinary fractures and dislo¬ 
cations, passed beneath the unproductive or lower coal grits. 

3. Old red sandstone .—In the vast formation comprehended 
under the term old red sandstone, the author includes all the red or 
green marls, conglomerates, sandstones, limestones, or flagstones, 
Uie youngest or highest beds of which pass immediately beneath the 
mountain limestone or carboniferous strata, and the lowest overlie 
and graduate into, the superior members of the grauwacke series. 
The author gives a geographical sketch of the western side of 
the great trough in which this formation is deposited in Siiropshire, 
Herefordshire, and Brecknockshire; the prevailing strike of which 
is shown to be from N.£. to S.W., and the usual inclination to be 
to the S.E. The upper beds of the formation, near the Brown Clce, 
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and partially near the Titterstone Clee expose a thin band of 
conglomerate; then foliow, in descending order,Tcd or green marls, 
with two or raor^ zones of impure limestone called cornstone. To 
these succeed micaceous flagstones and thin-bedded building stones, 
with other strata of marls and cornstone. Massive varieties of con¬ 
cretionary limestone, termed ball-stones, range along the western 
foot of the Brown Clee. They are sometimes from 18 to 20 feet 
thick, and are very dissimilar in quality and in appearance from the 
thin and conglomeritic bands of the rock. Alternations of red and 
green marls again succeed beneath the cornstones, and the base of 
the whole formation is usually marked, particularly in its course 
from Kington to Caermarthenshire, by highly micaceous greenish 
and reddish tile stones associated with marl.* Thick-bedded, fine¬ 
grained building stones of excellent quality are worked near Hay in 
Herefordshire, overlying the tile stone division. No workable seam 
of coal has ever been discovered in the old red sandstone. Ur. Lloyd 
has recently discovered near Leominster and Ludlow, in the central 
and calcareous sandstone beds of the formation, fossils which are 
chiefly referriblc to undescribed species of the family of Trilobites, 
and with them a few fragments of plants apparently terrestrial. 

An expansion upon a large scale is pointed out in the old red sand¬ 
stone, which, from a narrow tongue, is described as extending all 
over the forest of Mynidd Eppint, on the western side of which it 
reposes conformably and at high angles, upon the uppermost strata 
of grauwacke, at the chief escarpment of that rock. Many trans¬ 
verse sections from the grauwacke formations to the edge of the Gla¬ 
morganshire coal-basin are given by the author, and tliey exhibit a 
perfect conformability between the upper beds of the old red and the 
lower members of the mountain limestone, as well as a gradual pas¬ 
sage from the old red into the grauwacke. He, however, insists 
that there are no two formations of the English series which can be 
better separated from each other for purposes of geological illustra¬ 
tion, than the old red sandstone and the uppermost grauwacke; the 
former being as poor as the latter is rich in organic remains, whilst 
the colours and mineral characters of the two formations are also 
very distinct. The maximum thickness of the formation is not easily 
defined with accuracy, but the author has no hesitation in saying 
that it exceeds 4000 feet. 

In the latitudes of Llandovery and Llandilo, the whole formation 
is thrown so much on edge, that it necessarily occupies a very small 
superficial breadth, whilst the very slight inclination and the undu¬ 
lation of the beds in Herefordshire and Brecknockshire account for 
its vast expansion in these counties. 

Detached tracts covered with this formation are pointed out as 
occurring far within the frontier of the grauwacke rocks; and they 
are considered to be true basins of elevation which have been formed 
on the western sides of certain anticlinal lines, along which the in¬ 
ferior sediments have a reversed dip. 

April 17th,—The second part of a memoir, commenced on tho 
27th of March, and entitled, '*On the sedimentary deposits which 

2G2 



2^28 Geological Society. 

occupy the western parts of Shropshire and Herefordshire, and are 
prolonged from N.£. to S.W., through Uadnorshire, Brecknock¬ 
shire, and Caermarthenshire, with descriptions of the accompanying 
rocks of intrusive or igneous characters,” by Roderick Impey Mur. 
chison, Esq. F.G.S. F.K.S, &c., was read. 

In this part of the memoir the author separates into distinct for¬ 
mations by the evidences of fossils and the order of superposition, 
the upper portions of those vast sedimentary accumulations, which 
have hitherto been known only under the common terms of transi- 
tiun rocks> and grauwacke* Commencing at the base of the old red 
sandstone, which formation he had described in the previous part of 
the memoir, he proceeds to give an account of the underlying de¬ 
posits as they succeed to each otlier in descending order in Shrop¬ 
shire and Herefordshire. 

I. Upper Lu(Uov} Rock. —Equivalent, Grauwacke Sandstone of 
Tortworth, &c. 

This group, so named because the Castle of Ludlow stands upon 
it, is as eminently characterized by the presence of organic remains 
as the old red sandstone is by their deficiency. Amid a profusion 
of fossils, the upper beds are characterized throughout the whole 
range of the formation by two species of Strophomena or Leptaena, 
an Orbicula, a plicated Terebrutula, &c. all of undescribed species. 
The middle beds contain many species of Urthocerata; Serpulae? of 
great size, &c.; and the lower strata arc charged with a profusion of 
small Terebratulse having a gryphoid form. Trilobitcs of the genera 
Homonolotus andCalymene occur. The group has a maximum thick¬ 
ness of about 1000 feet, is for the most part a thin-bedded sandstone, 
often highly calcareous, and at other times argillaceous, and in Shrop¬ 
shire frequently occupies distinct lofty ridges interposed conforma-' 
bly between the old red sandstone and the inferior limestone. 

II. Wenlock Limestone. —Equivalents, Dudley Limestone, Transi¬ 
tion Limestone, &c. 

On the banks of the Severn near Wenlock, and in the Wenlock 
Edge, this group is particularly abundant in corals and Encrinites, 
nearly all the species of which, as well as of certain Mollusca, arc 
found in the well-known limestone of Dudley. The exact position, 
therefore, which the latter occupies in the geological series of En¬ 
gland, is thus for the first time determined. 

The upper beds rising from beneath the Ludlow rock are thin- 
bedded and lenticular, and the lower beds in Wenlock Edge con¬ 
tain many concretions of very great size and of highly crystalline 
structure. Throughout its course in the district included between 
the rivers Oney and Lug, this lirnestone is chiefly cliaracterized by 
the abundance of one species of Pentamerus, and at Aymestrey it 
is rich in that and other fossils f 00 feet are considered to be about 
the thickness of this calcareous zone. 

* The author cannot allude to the fossils of this district without ex¬ 
pressing his deep ohligalion to the llev, T, licwis of Aymestrey, whose un¬ 
ceasing rcicarclie*! have contributed very cstcntially towards the zoological 
rUustration of this memoir. 
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III. Ludl<m jRoc£.-r- Equivalent, '^Die Earth/' 

This group is chiefly made up of incoherent, grayish, argillaceous 
schist, seldom micaceous. The higher strata are in some places 
charged with many Orthocerata of new and undescribed species, 
Lituites, Asaphus caudatus^ &c. Other beds are locally distinguished 
by concretions of argillaceous limestone, formed around corals and 
other organic bodies; and towards the base of this deposit a thin 
calcareous zone is observable in Shropshire, containing the Penta^ 
merus Icevis and a new species of that bivalve, both differing from the 
species noted in the overlying group 2 . The thickness is supposed 
to exceed 2000 feet. 

The dislocations and faults on the Severn are described, by which 
this unproductive shale or ^^Die Earth” is brought in one point into 
unconformable contact with, and in another passes conformably be¬ 
neath, the coal fields of Madeley and lirosely. 

IV. Shelly Sandstones, —Equivalent, —? 

Red and green colours predominate in these sandstones, although 
purple and white are also frequently observed; by which charac¬ 
ters, as well as by the nature of the stone and the specific diflerences 
ill the organic remains, this formation is clearly distinguished from 
any of the overlying groups. Associated with the sandy strata are 
culcureous bunds, almost made up of Products, Leptsenm, andSpi- 
riferi, with crinoidal remains, all difiering from those in the superior 
deposits. In Shropshire this formation rises at low angles from the 
valleys of lower Ludlow rock or Die Earth, and occupies separate 
ridges ou the south-eastern flanks of the Wrekin and the Caer Cata- 
doc. By a rough^stimate 1500 to 1800 feet are assigned to the 
depth of the deposit. 

V 4 Black Trilobitc Flagstone^* S^c, —Equivalent, —— ? 

The prevailing Trilobite in this formation is the large Amphus 
Buchiti which with the other associated species is never seen in 
any of the overlying groups. In the mountain called the Long- 
niynd, this flagstone is made up of black schists, hard and dark- 
coloured gruuwacke sandstone, &c., in which Trilobites have not 
yet been observed, although they are abundantly characteristic of 
tlie same zone in its prolongation through Radnor, Brecknock, and 
Caermarthen shires, where these fossils occur in black limestone and 
calcareous flagstone and grit. The thickness of this formation pro¬ 
bably exceeds that of any one of the superior groups. 

VI. Red Conglomerate^ Sandstone^ and Slaty SchisL 

This is a vast deposit of several thousand feet in thickness, con- 
sisting of very coarse, quartzose conglomerates, which alternate with 
some schistose beds and much purple-coloured sandstone (Com¬ 
pound Sandstone of Townson), the strata of which in Haughmond, 
Pulverbatch, and Linloy Hills, Shropshire, are highly inclined or 
vortical, in conformity with those of the preceding formation^ No 
organic remains have been observed, by which, and by its very pe¬ 
culiar mineral structure, this formation is shown to he entirely distinct 
from the preceding groups. 
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The above six deposits are all exhibited in Shropshire, trending 
from N.E. to S.W., and occupying distinct ridges and valleys. In 
their further prolongation to the S.W. the upper Ludlow rock is 
uniformly persistent. Strata lithologically similar and containing 
the same fossils are found invariably to rise from beneath the old red 
sandstone in the counties of Hereford, Radnor, firecknock, and Caer- 
marthen; sometimes at very low angles of inclination, while at others, 
as in the promontories near Ludlow and Brecon, they are thrown up 
into saddles, and at the south-western limit of Brecknock and Cacr> 
marthen shires they are vertical or very highly inclined. 

The second deposit, or Wenlock (Dudley) limestone, thins out a 
little to the S.W. of Aymestrey, and the groups 1 and 3 being brought 
together, generally occup}' the same lofty escarpment in their course 
through S. Wales. Hence the author suggests the term Ludlow for¬ 
mation (the upper and lower Ludlow rock being subordinate mem¬ 
bers), as applicable to all the higher portion of this series which has 
a tripartite character in Salop and Hereford, due to the interpola¬ 
tion of the Wenlock and Aymestrey limestone. 

The deposits 4, 5, and 6, are three separate formations, entirely 
differing from each other, and from the Ludlow formation, in their 
characters, mineral and fossil, and in the distinctness of their phy¬ 
sical demarkations. They arc not, however, to be traced continu¬ 
ously in their course from Shropshire on the N.E. to Caermarthen- 
shire on the S.W.; though they reappear at intervals on that strike, 
preserving their relative places in the geological series. 

In those districts where parallel ridges of all these formations are 
brought to day within a zone of small breadthiHfocks of trappean 
or igneous 'origin are usual accompaniments, as in the neighbour¬ 
hoods of the Wrekin and Caer Caradoc, in Shropshire; and a||Bin, 
after a long interval, in the environs of Old Radnor, Builth and 
Llandegley. In the intervening and featureless tracts of Clun, 
Knuckless and Radnor forests, where such intrusive rocks are ab- . 
sent, the Ludlow formation alone is spread out in undulating masses, 
and upon its surface are frequently found detached and elevated 
basins of old red sandstone. 

The heights of the different groups above the sea-level vary from 
500 to 2000 feet. 

The author reserves for the third part of his memoir, which he 
proposes to communicate on a future occasion, the description of 
the numerous trappean and porphyritic rocks, which, in penetrating 
through these grauwacke deposits, have produced changes in their 
mineral aspect and structure. On that occasion the question of the 
parallelism of these sedimentary groups will be reviewed in reference 
to the direction of the outbursts of rocks of igneous origin. The 
quartz rock on the flanks of the Wrekin and Caer Caradoc, and also 
in the singular ridge of the Stiper Stones, will be described under 
the head of *' Altered Rocks.’' The relations of the formations on 
the eastern side of Herefordshire will also be explained, with the 
view of determining whetlier deposits of the same age and charac- 
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ter rise from beneath the old red sandstone in the flanks of the 
Malvern Hills, &c., as have been shown to exist on the opposite or 
western side of the great Reid of old red sandstone. 

May 1.—A paper was first read, entitled, “ Notice of a Machine 
for regulating high temperatures, invented by the late Sir James 
Hall, Bart., F.G.S.,” and drawn up by Captain Basil Hall, R.N., 
F.G.S. &c. 

A letter was afterwards read from Mr. Telfair to Sir Alexander 
Johnstone, V.P.R.A.Sm accompanying a specimen of recent con* 
glomerate rock, from the Island of Madagascar, containing frag¬ 
ments of a tusk, and part of a molar tooth of a hippopotamus; and 
communicated by Roderick Impey Murchison, Esq. KG.S. 


ROTAL ASTRONOMICAL SOCIETY. 

May 10.—^The following communications were read;— 

On the Latitude and Longitude of the Cape Observatory. By 
Mr. Henderson. 

In this paper Mr. Henderson assumes the geographical position of 
the Cape Observatory to be 33° .56' 3" south latitude ; I** 13"* 56’ 
east longitude from Greenwich; the former being determined from 
his own observations, and the latter from those of Mr. Fallows com¬ 
pared by Mr. Henderson with the corresponding observations made 
at European observatories. From the determination of the longitude 
of the Cape Observatory here stated, compared with observations 
made by Lieut. Meadows and by Capt. Owen, Mr. Henderson also 
finds that^tbjs longitudes of the two Capes which inclose False Bay 
may buistated as £d%>ws ;— 

Cape of Gossi Hope.18° 29' 0" 

.^^Ise Cape'.18 50 30 east of Greenwich. 

longitude of the Cape Point,” Mr. Henderson observes, 
differs only one mile from that given by La Caillo (16° 10' east of 
Paris —Memoirs of Academy of Sciences for 1751, p. 425) ; and it is 
but justice to the memory of that distinguished astronomer to remark, 
that the lapse of eighty years, and the superior means which the 
present state of the science affords, have not been able to produce 
any improvement in the geographical position of this part of the world, 
as determined by him.’* 

Positions of Stars near the South Pole, from Observations made at 
the Observatory at the Cape of Good Hope; also by Mr. Henderson. 

There being no conspicuous star near the South Pole, which can 
be observed in the day-time, even with the most powerful meridian 
telescopes that are used in observatories, it becomes necessary, in the 
southern hemisphere, for the purpose of determining the polar positions 
of astronomical instruments, to liave recourse to stars of less mag¬ 
nitude than those which are observed for that purpose in the northern 
hemisphere, and even to increase their number, .in order that one or 
more of them may pass the meridian at a convenient time of the night. 
Since Mr, Henderson's arrival at the Cape Observatory, in April 1832, 
seven circumpolar stars have been frequently observed with DoUond’s 
lOrfeet transit telescope, and Jones's 6-feet mural circle, for the 
purpose of determining the positions of those instruments with regard 
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to the Pole. Of the stars whose places have been thus detei-mined, 
believing that their positions may be of considerable use to nstrono- 
mersy Mr, Henderson now communicates a Catalogue, exhibiting 
their mean positions reduced to the beginning of 1832 (fictitious year 
of the Astronomical Society’s Catalogue). This Catalogue, under 
the title of Positions of Stars near the South Pole for the begin¬ 
ning of 1832,” is given in the Monthly Notices” of the Society for 
May. 

Various Observations made at the Cape Observatory, by Mr. Hen¬ 
derson, Mr. Meadows, and Mr. Fayrer: viz. observed right ascensions 
of the moon and stars 1832, April 10 to October 17, inclusive ^ ob¬ 
servations of the moon and stars, made with the mural circle, for the 
determination of the moon’s parallax; 1832, July 20, to January 2, 
1833,—of Mars and stars, made with the mural circle, for the deter¬ 
mination of the parallax of Mars: eclipses of JupitcFs satellite, 1882, 
April 12 to October 19; occultations of planets and fixed stars by 
the moon, 1832, August 10 to October 31 3 and the transit of Mer¬ 
cury, May 4 and 5, 1832. 

A paper on the Solar Parallax. By Mr. Shires. 

On the Determination of the true Heights of distant Mountains 
from their apparent elevations above the sea. By G. Blackbiirne, B.A. 

The object of this investigation is to furnish a convenient formula 
for the computation of the terrestrial refraction in terms of the di¬ 
stance of the observer from the object, and the ap))!ircnt elevation ; 
and secondly, for the computation of the true height of tbt object 
itself. 

June 14.— The following- communications rcaoi' Siknc Jbf 
which we shall further notice in our next Numltetq^^r 

I. Observations of Bicla’s Comet, from Nov. IS, *1832, to 

1833. By T. Henderson, Esq,, Astronomer at the Capo of GoOlffTOpe. H 

II. Various Observations made at the Observatory of the Cape ^ 
of Good Hope. Communicated by T, Henderson, Esq. 

This series of observations, made at the Cape Observatory by 
Messrs. Henderson and Meadows, is a continuation of those already 
communicated, as noticed above. 

III. Observations of Mars, and Stars observed with Mars, near 
the Opposition, between Oct. 14, and Dec. 22, 1832, at the Obser¬ 
vatory, St. Helena. By Lieut. Johnson. 

IV. Observations of the Magnitude, Colour, and Brightness of 
Stars in the Southern Hemisphere. By James Dunlop, Esq., Astro¬ 
nomer at Paramatta. 

V. Observations of several Meridian Transits of the Moon. By 
the Rev. M. Ward. 

VI. Observations of Occultations and Eclipses made in the year 
1832, at Biggleswade, with the Wollaston Telescope. By T. Mac- 

lear, Esq. * 

VII. Description of a small Observatory erected at Biggleswade. 
By T. Maclear, Esq. 

VIII. An Approximate Method of finding the Latitude from two 
Altitudes observed near the Meridian, with the interval of time. By 
Lieut. Raper. 
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lx. Matice of the Elliptic Orbit off BootiSy with a further Ap¬ 
proximation to the Orbit of y Virginis. By Sir John Herschel. 

X. On the Adoption of a Standard of Optical Power by Observers. 
By the Rev. W. R. Dawes. 

XI. Description of a Double Reflecting Circle, and of a Quad¬ 
ruple Reflecting Sextant, made by Mr. Jones, of Charing Cross, 
under the direction of Captain W. F. Owen, R.N., and presented by 
the latter to the Society. 

XII. Transits of the Moon with Moon-culminating Stars ob. 
served at Cambridge Observatory, in the months of March, April, 
May, and June, 

Agreeably to the intention expressed in vol. ii. p. 47fi, we flow 
return to some prior meetings of the Society, during the present year, 
which have not hitherto been noticed in the Philosophical Magazine, 
in order to complete our calendar of its proceedings. ' 

February 8.—At the Annual General Meeting holden this day, 
being the 1 hirteenth, the Report of the Council was read, the Gold 
Medal was presented to Professor Airy, for his paper “ On an irre¬ 
gularity of long period in the motions of the Earth and Venus/' pub¬ 
lished in the Philosophical Transactions for 1832, (of which an abs¬ 
tract was given in Phil. Mag. and Annals, N.S., vol. xi. p. 117 : see 
also Lond. and Edinb. Phil. Mag., vol. i., p- 61.) and the following Fel¬ 
lows were Elected the Council and Officers for the ensuing year: viz. 

F rancij Baily, Esq,, V.P.R.S*—Ficc Presidents: George 
Plumian Prof. Asrt. University of Cambridge; 
ll,N. F.U.S.; Davies (lilbert. Esq., F.K.S.^ 
JohiWitlianv.'^MjMm, Esq., M.A, V.P. andTreas. R.S.— Treasurer: 
Jd|M|||, Esq.,T5L,D.—Secre/ariw.- George Bishop, Esq.^ Augustus 
IDdlHman, Esq. j— Foreign Secretary: Captain W. H. Smyth, 11.N. 
PF.R.S.— Council: Bryan Donkin, Esq.; Lieut. Thomas Drummond, 
R-E.j Thomas Jonesj Esq.; Rear Admiral Sir Edward Owen, K.C.B.; 
Lieut. Henry Ilaper, R.N.; Edward Riddle, Esq.; Rev. Richard 
Sheepshanks, M.A. F.R.S.; Robert Snow, Esq., B.A.; Lieutenant 
William S. Stratford, R.N. F.ll.S ; Thomas Turner, Esq. M.A. 

April 12.— (continued from vol. ii. p. 475.) Of the researches de¬ 
tailed and discussed in Professor Airy’s paper “ On the Mass of Ju¬ 
piter" read at this meeting, we have already given a summary account, 
at p. 314 of our last volume. Some particulars of the numerical 
errors discovered by the author in the MScanique Cdleste, and his 
final statement and estimate of the value of his own results, we now 
subjoin; 

had at first no intention of correcting, or even examining the 
numbers of the M^iinigue CSleste ; but an examination simply for « 
the verification of the typographical accuracy, led me to doubt the 
correctness of several of the numbers in page 94 of the fourth volume, 
and of those which depend on them. On further -examination, I 
found that the variable terms, both of the radius vector and longitude, 
as far as I examined, were nearly correct; but that in the constant 
parts of the radius vector some terms were wrong in sign, one evro^ 
Third Series. Vol. 3. No. 15. 5^^,*1833. 2 H 
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neous in magnitude, and one omitted. 1 corrected these, and then 
proceeded in the construction of my tables,” 

“ In the first instance, however, to which I applied the calculations, 

I found, to mv great astonishment, that, at the lime when I had ob¬ 
served the satellite at extreme elongation, the tables represented it 
as between the earth and Jupiter. I satisfied myself that this was 
owing to no error in my own calculations, and I then compared La¬ 
place s numbers with those of Halley and Delambre. From the tables 
of the former I could only infer that there was some very strange 
error in Laplace's epoch for I7r)0; from the mean conjunctions of 
the latter 1 could Calculate its quantity. It will scarcely be believed, 
that the epoch of mean longitude in page J39 of the fourth volume 
of the Micantque Celeste is erroneous to the amount of nearly one third 
of the circumference, and that this is not a typographical error, as 
several numbers are combined with it by addition and subtraction in 
the pages following it, and all correctly. 1 confess that my faith in 
the numerical results of the M^canique Celeste has been very much 
weakened by these discoveries." 

*^At the same time, I am far from imputing any negligence to the 
author of that great work ; for I know too well the difficulty of in¬ 
suring correction in long calculations from complex formulae: and 
in some of the fundamental numbers of the present computations 
I was saved from error only by Mr. Lubbock's re-calculu^ns.” 

A list of the errata in the Mecanlque Celeste is appended to the 
memoir. 

Returning to Professor Airy's own research 
After applying two small corrections, one 
the observations, and the other for obtaining i 
Jovial system. Professor Airy concludes, that we 

mass of the Jovial system 6'y793486, and for the mass 

''In conclusion I may remark, that 1 do not think this value liabfe^S 
to any serious error, except from a possible error in the inclination of 
the orbit of the fourth satellite. The effect of the greatest error of 
the instrument in azimuth (O'-j) tha4; any observations have shown, 
acting at the greatest disadvantage, would not alter the denomination 
of the fraction by 0 2. But the observations used here have been 
made when Jupiter was in the roost unfavourable of all positions, 
both from the effect of such errors, and from the smallness of the dif¬ 
ference of right ascension, which is the immediate subject of Ihe 
measures. The oppositions of 1834-5 and 1836 will be very muck 
more favourable.” 

" 1 am far from regarding the question as definitively settled by these 
^ measures; and I offer these results to the Society as only the first fruits 
of my investigations. Should the regular business of the Observatory, 
and my other employments, leave me sufficient leisure, I hope to add 
considerably to their number. The necessary tables and forms of 
calculations are prepared ; some theoretical and numerical difficulties 
have been surmounted j and the labour of calculating future observa¬ 
tions will therefore be very much less than that of calculating the first." 
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PHILOSOPHICAL SOCIETY OF CAMHRIDGE. 

May 20,—The following communications were read:—. 

On the Attraction of Spheroids, by G. Green, lisq In this paper 
the author presents certain analytical formulae, in reference to triple 
integrals of a more general form than those offered in the attractions 
of spheroids of arbitrary form and density, and applies them to the 
pioblem of the attractions of ellipsoids, so as to comprise the ac¬ 
tions on points, internal and external, in a common process, by the 
addition of a positive quantity, under the radical sign in the expres¬ 
sion, for the reciprocal distance between the point actedr on and any 
point of the ellipsoid, which quantity is afterwards made to vanish. 

On the Determination of the Vibratory Motion of Elastic Fluids 
in Tubes of definite Length, by W. Hopkins, Esq. of St. Peter’s 
College. The author described a series of experiments made by 
him with the view of subjecting to an experimental test the dif¬ 
ferent solutions which have been gi\en of this problem. The in¬ 
tensity of the vibrations in any part of the tube are indicated to 
the eye by the motion which those vibrations excite in a delicate 
membrane, sprinkled with light sand, and suspended in the tube. 
The positions of the nodal points, thus determined with great ac¬ 
curacy, are not such as accord with any solution of the problem 
hitherto given; but it was shown how all the observed phaenomena 
are accounted for by the assumption of certain physical conditions 
moi^e g^erel than those assumed by previous writers. 

A^larf^riment also exliibited by Mr. Hopkins, showing the 


Ltei 


:e of two aerial undulations proceeding in the 
of two equal tubes, branching oft' from one 
iced close to two ventral segments of a vibra- 
the vibrations arc excited in the branch tubes 
fere in the one with which they communicate. If the vr- 
"proceeding from the two ventral segments be in the same 
^ase, the resulting vibration is one of great intensity ; but if they 
are in opposite phases no sensible vibration results from them. The 
intensity of the vibration is indicated, as above mentioned, by a 
membrane which may be stretched over the mouth of the tube. 


XLIL Intelligence and Miscellaneous Articles. 

COMPOUNDS OF CHROMIC ACID WITH METALLIC CHLORIDES. 

M e. PELIGOT has formed several compounds of chromic 
• acid with metallic chlorides. The bichromate of chloride of 
potassium is easily and oeconomically produced by boiling a mixed 
solution of bichromate of potash and muriatic acid for some time; 
on cooling, a quantity of the salt in question crystallizes, in pro¬ 
portion to the quantities of ingredients employed. 

According to M. Peligot the theory of the formation of this salt is 
as follows: the muriatic acid at first acts upon the potash of the bi¬ 
chromate, and forms chloride of potassium, and water, and at the 

2H2 
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same time free chromic acid is developed. If, when all the potash 
has been converted into chloride of potassium and water^ the solu¬ 
tion is allowed to coot, it soon deposits large crystals of bichromate 
of chloride of potassium; so that all the bichromate of potash is 
converted into water and bichromate of chloride of potassium be¬ 
fore the muriatic acid, supposed to be in excess, produces proto¬ 
chloride of chrome, nhich only happens by the docoinpasition of 
the salt which is fonued. 

The atomic reaction is thus given ;— 

Atoms employed. Atoms produced, 

2 atoms chromic acid. 1304 

1 atom chloride of potassium 931 
1 atom Welter. 112 


2 atoms chromic acid 


1 atom potash. 

.5S9 

2 atoms muriatic acid 



‘23i7 


2347 



The principal properties of this salt are, that it crystallizes very 
easily; the crystals are ri^iht prisms with rhombic bases; their co¬ 
lour is similar to that of bichromate of potash; they do not de¬ 
liquesce. 'fhe action of water on this salt is remarkable: ivhen a 
crystal is moistened with it, it becomes white and opake; and if 
the solution hesull'ered to evaporate spontaneously, no cr^st.als qf ^ 
the salt in question are obtained; but merely those of b|'^' * 
of potash. This latter salt is, indeed, produced 
be concentrated !)y heat, or exposed to tspojij 
It appears, then, that water is decomposei 
chloride of potassium: its hydrogen combini 
form muriatic acid which becomes free, whih 
the potassium. 

This reaction produces precisely the products 
the formation of the bichromate of the chloride, and the 
the operation will be simwn by transposing the atoms aboi^e 

Atoms employed. Atoms produced, 

2 atoms chromic acid .... 1304 
1 atom chloride of potassium 931 
1 atom water. 112 


2 atoms chromic acid . 

1 atom potash .... 

2 atoms muriatic acid. 

. ISOi- 
. 589 
. 45 i 


2347 


2347 

• 

By the addition of a sufficient quantity of muriatic acid, to cor¬ 
rect the oxidizing action of the water, the bichromate of the chlo- 
ide is reproduced. On account of this action of the water, it is 
impossible to purify this salt by crystallization: it is requisite to 
press it between folds of blotting paper: it almost always contains 
a slight excess of chlorine. 

The most ceconomical process for obtaining this salt has been 
already stated; it may also be obtained, and in a more direct man¬ 
ner, by mixing 2 atoms of chromic acid with 1 atom of chloride of 

f otassium, provided the solution be rendered acid by muriatic acid, 
t may be procured also by treating bichloride of chrome with 
water saturated with chloride of potassiumand in this case all the 
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conditions favourable to its formation are fulfilledf for the water con¬ 
verts the bichloride of chrome into chromic and muriatic acid. If 
neutral chromate of potash be used instead of the bichromate, the 
crystals obtained are mixed with crystals of chloride of potassium. 

The following process of analysis was preferred and employed 
on account of its simplicity :—A portion of the salt, dried between 
the folds of blotting paper, was dissolved in distilled water acidified 
by nftric acid, and nitrate of silver was then gradually added, and 
the chloride obtained was washed, dried and weighed. The liquor, 
afterj;he separation of th€ chloride of silver, was boiled with sul¬ 
phurous acid; this converts the chromic acid into protoxide of 
chrome, and is itself converted into sulphuric acid: ammonia then 
precipitates protoxide of chrome by long boiling. The potash was 
then converted into sulphate by means of sulphuric acid, and its 
quantity thus determined. 

The bichromate of muriate of ammonia resembles that of chlo¬ 
ride of potassium in appearance and crystalline form, but it is much 
more soluble in water. By analysis’it yielded— 

Chromic acid . . 65*5 

Muriatic acid.23'5 

Ammonia.10'8 


yy » 


fq^nd that the bichromates of the chlorides of sodium, 
|um were deliquescent; he was unable to pro- 
'of the chlorides of strontium and barium, on 
itation of their salts from water by the muri- 
%im. et de Phys. lii. 267. 



ON FOSSIL-BONE CAVERNS. 


urnal, jun., of Narbonne, concludes from a great variety of 
aim observations, that, 

1st, The bones buried in caverns have been introduced in several 
different manners. 

2ndly, The species buried vary in different localities; and this 
difference depends either upon the period of deposition or the geo¬ 
graphical position of the cavern, 

, Srdly, Man was contemporary with (he lost species of animals 
which are found buried in the mud of the caverns; and these animals 
being regarded by all naturalists as fossil, man therefore exists in 
the fossil state. 

4thly, The mud and pebbles found in the bone caves were not in¬ 
troduced by any sudden and temporary cause, as by a delude, but 
on the contrary, almost always slowly, and* in several different 
modes, . 

5thly, The attentive examination of the pebbles contained in the 
mud proves evidently that they have been introduced from neigh¬ 
bouring places, and consequently, that the cause which conveyed 
them was entirely local. 



258 


Intelligence and Mhcellaneous A rticles. 


Goat. 

Pole-cat. 

Sheep. 

Hare. 

Bear, at least two 

Rabbit. 

species. 

Lagomys. 

Badger. 

Campagnol. 

Tiger. 

Birds, several species. 

Lion. 

Land Tortoise. 

Leopard. 

Lizard {Lacerta oceU 

Lynx. 

lain). 

Wolf. 

Snake, size of the 

Fox. 

Coluber Matrix* 

Weasel. 



6th]y, The period during which the bone caves were formed was 
extremely long. 

7thly, In certain caverns, the mud, bones, and pebbles have been 
simultaneously introduced ; in others, on the contrary, the mud has 
been deposited after the bones. 

The bones of the following animals have been found in the ca¬ 
verns of the South of France:— 

Elephant. 

Rhinoceros. 

Wild lioar. 

Horse. 

Ox, two species. 

Stag, live species. 

Antelope, very large. 

Chamois. 

Hyeena, fossil. 

Hysena, striped. 

Hyaena, brown. 

Dog, two species. 

The only difference which exists between the caves of England 
and Germany, compared with those of the South of France,** 
in England the hippopotamus has been found, and at 
Westphalia, the glutton.— Ann, de Chim, et de Phys^Y^ 

ON THE VISIBILITY OF STABS 

Sir John Herschel, in his popular Treatise 
notices the fact of stars being distinctly vi: 
light by telescopes, their brightness being 
power of the instrument; but, which is unusual wi1 
author, he omits to explain the reason. 

If the following be not the true reason, perhaps correspoiiia^ 
of the Philosophical Magazine will be kind enough to correct n^ 

The rays of day-light which enter the object-glass of a telcscopd 
must, from our proximity to the points of their reflection, be much 
more divergent than the raj^s of a distant star; consequently none 
of the former rays can be converged to so short a focus as the 
latter. Flence, if a telescope be so adjusted as to bring the pa¬ 
rallel” rays from a distant star to a focus, none of the divergent 
rays from th^ nearer atmosphere can be condensed at the same or 
so short a focus, and the atmospheric light within the tube cannot 
much interfere with the concentrated light of the star. As we cannot, 
while looking through a telescope at a distant ship, sec the flame of 
a candle, or cross wires, held immediately before the object-glass, 
by reason of the nearer flame or wires* requiring a longer focus 
than the distant ship, so for the same reason we cannot, while look¬ 
ing through a telescope at a distant star, see the nearer light of the 
atmosphere which partially intercepts it. In either case that which 
intervenes produces no other effect than a partial obscuration of 
the distant object. 
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Sir J. Herschel notices also the fact of bright stars in the zenith 
being visible in the day-time, even by the naked eye, from the bot¬ 
toms of deep narrow pits, or through the shafts of chimneys. May 
not this be owing to the divergent rays of the atmosphere spreading 
and losing themselves against the non-reflecting sides of the pit or 
shaft, so that few or none of them ever reach the bottom; while, on 
the contrary, all the rays from the star which enter the vertical pit 
proceed to its bottom without the least sensible divergence? 

Redruth^Jiily 13, 1833. Rn. Edmonds Jun, 

v ■ ■ 

leyhourn's mathematical uepository. 


The twenty-fourth Number of this valuableWork is just published, 
and contains the following articles :— 

1. Nuga, or Constructions to represent approximately the length^ 
of the circumference of a Mile. 

^ Solutions of tlie twenty Mathematical Questions proposed in 
22 ; by various Contributors. 

/v'^^New Solution to Question 531 (relating to the AffijXov of 
* ^>ihh^edes), and some collateral properties ol the figure; by T. S. 
Em, P.R.S. Lend. & Ed. 

X'*- of the late Sir John Leslie, K.II. 

" g to the Mathematical Parts of the Philosophi- 
' Transactions of the Royal Society of Edin- 
»f*the Cambridge Philosophical Society, and 
Polylechniqtte, 

_ Problems; by James Cunlilfe, Esq. 
the Lunar Theory; by the Rev. Brice Bron- 



Computation of Surfaces and Solids bounded by lines 
i^mWl>assing through points, by means of the coordinates of 
point* ; by Mr. Woolhouse. 

' 9. New Researches in Spherical Trigonometry; by T. S. Davies, 


Esq. 

10. On the Deviation of two Curves, in answer to a note of 
Mr.Woolhouse, inserted in the last Number j by T. S. Davies, Esq. 

11. On a partial Differential Equation; by W. Sutcliffe, Esq. 


A.M., Bath. 

12. On the Figure of a homogeneous Mass of Fluid revolving 
about aiv axis with a given uniform Velocity; by the Rev. Brice 
Bronwin. 

13. Translation of Dr. Matthew Stewart's Extension of Prop, *■. 
Lib. iv. of the Mathematical Collections of Pappus (concluded). 

14. Certain Properties of Plane Triangles not generally known; 

by C. F. A, Jacobi. • 

15. Twenty new Mathematical Questions for solution in No. 26; 

by various Contributors. 
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LIV. On the Vibration of heated Metals. By Arthur Tre¬ 
velyan, Esq .; including a Letter on the same Subject by 
Dr. W. Knight.* 

AS it is always interesting to know the accidental circum- 
stances which lead to the discovery of any new fad in 
natural science, I shall begin by relating the manner in which 
I was led to observe the vibrations of heated metals. On the 
9th of February 1829, I was about to spread with a plaster- 
iron some common pitch, when the iron being at too high a 
temperature, I placed it in a slanting direction against a block 
of lead, the handle resting on the table; sliortly after doing so 
I heard a shrill high tone, which much resembled a note pro-, 
duced on the chanter of the smaller Northumberland pipes, 
an instrument played on by my father’s gamekeeper. Not 
knowing the cause of the sound, I thought he fnight be prac¬ 
tising out of doors. The room being on the ground floor, I 
went outside, when the sound was no longer heard; and seeing 
no person, returned again to the room, when 1 was surprised 
at still hearing the sound as shrill as before. After looking 
about for a few minutes, 1 at last approached closer to the 
iron, perceived the vibration, and thence found the imme¬ 
diate cause of the sound: I was much surprised and pleased; 
but at that time, ngt having studied any branch of natural 
philosophy connected with the subject of heat, 1 was not aware 
that it was a fact which had not been before observed (al¬ 
though it struck me so at the time). 1 came to Edinburgh in 
November 1830,' and attended Dr. D. B. Reid’s class of 

• Communicated by the Author. Part of this paper was read before the 
Section of Physics of the British Association, meeting at Cambridge, June 
oj 1333, 

Third Series. Vol. 3. No. 17. Nao, 1833. 2 T 
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Practical Chemistry. Having mentioned the circumstance and 
shown lum the experiments, he informed me that the fact was 
new, and recommended me to make further exjjerimenls, and 
prepare a paper on the subject for the Royal Society of Edin¬ 
burgh. I took his advice, and during the winter session had 
the honour of having two papers read before that Society, 
which were illustrated by experiments. 

Since that time I have made numerous additional experi¬ 
ments, and have succeeded in obtaining vibration with most 
metals, many of which 1 failed with previously, from the ap¬ 
paratus not being sufficiently delicate. 

On the opposite page is a Table of the different metals in 
which I have observed vibration. 

The experiments were repeated several times before I was 
satisfied with the results. 

I have not yet observed any effect with bismuth, ^altliough 

1 have with pale solder, which is an alloy of that metal. 

The gold was in too small a piece to try cold, with the hot 
bar placed on it. The results with it and with platinum 
would probably have been more numerous, if I could have 
obtained better-shaped pieces of those metals. 

Bars of tin, lead, bismuth, antimony, block tin, solder, 
tin-solder and pale solder, produced no effect, when heated 
and placed on cool blocks, or rings, of all the different metals 
mentioned in the Table. 

Cold bars of lead, bell-metal, tin-solder and pale solder, 
when placed on heated iron or brass, produced vibration anti 
tone. I'he cold lead block, placed on the heated polished bar 
, of a fire-grate, sounds loudly, and vibrates rapidly. 

The vibration continues in the exhaosted receiver of an air- 
pump. 

The bars begin to vibrate on lead at a temperature below 
212° Fahr., but on harder metals-they require a higher tem¬ 
perature. 

A cool brass bar, 5 inches long, 2 inches wide and §ths of 
an inch thick, placed on a cool lead cylinder | an inch thick, 

2 inches in height and 4^ inches in diameter, with a spirit- 
lamp placed under the bar, produced vibration and tone in 
6 minutes 15 seconds, and continued sounding for 5 hours and 
55 minutes: when I removed the lamp, it ceased vibrating in 
6 minutes, but might probably be continued, by the continued 
application of the lamp, for any length of time. The block 
had arrived at so high a degree of temperature, that it was too 
hot to hold with the naked hand: the vibration was only ke}U 
up by the brass bar being so superior to lead in its power of 
conducting caloric. From the small size of the bar, it soon 
fell to the same temperature as the lead, and^then of course 
the vibration ceased. 
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When the brass bar at a high temperature ^s placed on the 
Cool lead, the vibration seldom fails taking place instantly 
and spontaneously. 

A bar 5 inches long, 2 inches wide, and §ths of an inch 
thick, vibrated when supporting a weight of 12 pounds. 

However near the bar and block may be brought to each 
other, no apparent phenomenon takes place until they are in 
actual contact. 


By balancing the bar in a horizontal position on a narrow 
lead block (fig. 1. p. 332), rounded on the part on which the 
bar rests, the vibration is well exhibited, the bar moving ver¬ 
tically and Laterally at the same time. A rod 10 or more 
inches long, flattened in the centre to prevent its slipping, with 
a ball on each end (fig. 5), when placed across a heated vi¬ 
brating bar (fig. 6), increases the arc of motion, rendering the 
movements much more conspicuous. 

A thick ring of copper, 5 inches in diameter, when heated, 
and bung on a lead bar, vibrates backwards and forwards; 
and when laid on a n^irrow lead block, upwards and down¬ 
wards. 


The heated bar vibrated on a piece of thin sheet lead, 
either placed loosely or soldered on brass, and on a lead block 
burnished with gold-leaf. 

A heated copper bar vibrated on the bottom of a glass 
tumbler. This is an experiment which the late Professor Leslie 
tried with me, but it is very uncertain and difficult to obtain. 

The bars vibrate best when placed on blocks of lead with 
the surface somewhat rough: both metals also should be kept 
clean, and free from oxidation, which impairs tiie vibration. 

A bar of heated copper, was placed on an iron block 
rounded on the surface; and being nicely balanced on the 
centre of the rounded part, showed the vertical motion. 

The shape or size of the bars and blocks is of little conse* 
c]uet)ce, except for the more delicate experiments with the 
hard metals: on lead the hard metal almost of any form will 
vibrate when heated. 


Mr. K. T. Kemp, the skilful electrician and chemist, in¬ 
formed me that after casting some bismuth, whilst it was cool¬ 
ing, after being taken out of the mould, he heard a sound pro¬ 
ceed from it; when cool he again heated it, but could not re- 
prodiwe the sound. 

The bars 1 use to show the experiments are of different 
sizes: a bar about 5 inches long, 1^ inch wide, and gths of 
an inch thick, will produce considerable toqea rod of small 
wire b' inches long, must be attached at one end, to serve as a 
handle. A ridge is formed along the centre of one side of the 
broad part, by its being bevelled off towards each edge; the 
other side is hollowed out down the centre so as to throw the 
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weight on each* side, which assists the vibration : the longitu¬ 
dinal ridge is the part that rests on the block, (figs. 3 & 4.). 

A hollow lead cylinder about J an inch thick, with the dia¬ 
meter in proportion to the length of the bar, is the best form 
for showing the vibrations and producing the tone. 

An inequality or unequal notch on the lead cylinder in¬ 
creases the sound. When the bar at a high temperature is first 
placed on the cold lead, the tone is very harsh and undefined; 
but when the lead has acquired a certain proportion of heat, 
it becomes clear, full and mellow. 

Pressure on the bar alters the note: the greater the pres¬ 
sure the higher is the note. Pressure also applied to the 
sounding-board or table on which the vibrating bar may 
happen to be placed, or even walking across the room, by al¬ 
tering the position of the bar, changes the tone. 

A common poker heated and placed on a lead block vi¬ 
brates, producing deep'tones. If the vibrating bar be placed 
on a piano-forte, and certain notes be struck on the instru¬ 
ment, the vibration of the bar, and consequently the tone pro¬ 
duced by it, is altered, and sometimes suddenly stojmed. 

Vibration is prevented by rubbing the surface or the lead 
with mercury, oil, plaster of Paris, or by oil gilding; also if a 
piece of thin tissue paper, or of wire-gauze, be interposed be¬ 
tween the bar and the block. 

The vibrations have not been produced with any substances 
besides metals, except in th^ instance of the glass tumbler al¬ 
ready mentioned. 

To try whether there was any attraction between the hard 
and soft metals when heated, I had two pieces of brass, about 
the size of an ounce weight, with a wire attached to them, and 
then hung on a delicate scale beam: having heated the brass 
weights, blocks of lead were placed under them and tried at 
various distances, but without producing the slightest effect. 

To try whether electricity caused the phenomenon or made 
any alteration whilst the bar was vibrating, a hole was drilled in 
a bar and filled with mercury, a wire was soldered to the lead 
cylinder on which it was placed, and a galvanic battery of 
150 plates, 4 inches square, being charged, the wire from the 
cylinder was placed in one end of the battery, whilst from 
the other end a wire was brought to the mercury contained 
in the cavity oPthe bar, which was heated, and in motion, pre¬ 
vious to completing the circle. We also tried other methods, 
but with none ofthem did we succeed in producing any change 
' either in the tone or in the vibration. 

A Leyden phial was charged with electricity, and applied 
to the same bar and block, without producing any effect. 
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Spirit of wine, or ajther, evaporated oft’tlie Heated bar when 
in motion, produced no effect. 

Air blown with a pair of bellows on the heated bar when 
vibratin'^ does not affect the tremors. 

If the heated bar be ground smooth, on the resting part, 
and the block of lead be also very smooth, no vibration takes 
place. 

When the bar and block become of the same temperature, 
the vibration and sound cease. 

A cylinder, 5 inches long, with a thick sitle bevelled off, 
leaving a flat ridge in the centre, similar to the former bars, 
when heated and placed on lead, produced no change of tone. 

From the above-related experiments it appears: 

1st, That in order to produce the vibrations, metals must 
be employed, either of the same kind or diflerent, for both the 
bars and blocks; with the single exception of the glass tumbler. 

2nd, That the difference of temperature between the two 
metals must be considerable, although some require a much 
higher temperature than others: the vibrations on zinc and 
bell-inetal succeed with a lower temperature than others of 
the hartf metals. 

.‘Jril, Tliat the surface of the block must have some degree 
of unevenness, for when rendered <|uite smooth, the vibratioTi 
does not take place; but the bar cannot be too smooth. 

4th, That the interposition of any matter prevents vibra¬ 
tion, with the exception of a burnish of gold-leaf, the thick¬ 
ness of which cannot amount to the 200,000dth part of an 
inch. 

5th, That the air has no share in tlfc production of the 
vibratory movements, however much its presence is essential 
to the production of sound. 

6th, That it has no connexion with galvanism or electri¬ 
city, the vibration and tone not being affected by passing a 
current through the bar when in action. Professor Forbes 
found no appcurance of thermo-electricity after trying a num¬ 
ber of experiments. 

7th, That all the metals, both simple and alloys, produce 
vibration and sound, when one is heated and the other cool, 
on being brought into contact, (with the exception of bismuth,) 
but with some we And much greater difficulty in obtaining vi¬ 
bration than in others, as it depends on the temperature, but 
more particularly on the mode of placing the one on the other, 
which with some requires great nicety. 

8th, Although all the metals are not found to vibrate on 
each other, or on metals of the same kind,—and I have not 
been able produce vibration with other substances, —yet 1 do 
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not despair but that hereafter, when this subject Is better un¬ 
derstood, we shall be able to produce vibration with all the 
metals, and with all other matter either solid or liquid, when 
heat is applied to a cool substance, or vice ve7'sd. 

The followin {5 theory, which is partly derived from the late 
Professor Leslie’s mode of accounting for the vibration, anil 
appears the most probable, (and experiments hitherto made 
strengthen this view,) ascribes the vibratory movements to the 
usual mechanical changes which caloric occasions in passing 
from one substance into another,—I mean the expansion and 
contraction which accompany alternations of temperature. 

It appears that some degree of roughness of one metal is 
essential to the success of the operation. This slight asperity 
arises from numberless points or ridges projecting from the 
mass of metal. 

When the heated bar is laid upon the cool lead, the caloric 
passes into these prominences; and as their power of conduction 
is not great, it does not rapidly diffuse itself through the rest 
of the mass: of course they instantly expand and elongate, and 
by that sudden elongation they give an impulse to the incum¬ 
bent bar. Soon, however, the caloric moves into the adjoining 
mass, and the prominences contract, and at the same time 
come into a state ready to admit a renewed accession of ca¬ 
loric from the bar: they receive that caloric, again expand, 
and give a second impulse to the bar. This goes on inces¬ 
santly, and though llie first impulse be infinitely small, and 
altogether inadequate to produce any sensible movement of 
the bar, yet by incessant repetition an accumulation of effect 
takes place, and the movements gradually reach a sufficient 
magnitude to become easily discernible. 

As soon as the bar anti block arrive within a certain limit 
of difference of temperature, the impulses become feebler and 
feebler, and at length the bar comes to rest. It has been 
mentioned that the smoother the bar is so much greater is 
the effect: I conceive that this smoothness operates by in¬ 
creasing the celerity with which the surface possessed of it 
communicates the caloric to the projecting points of the block, 
and thereby the elongation which gives the impulse to the bar 
is increased both in quickness and extent. 

It is obvious that had the bar any considerable degree of 
asperity, the points of contact between the two metals would 
be fewer, and the passage of caloric between them more 
tardy. 

When the two surfaces are highly polished, the experiment 
does not succeed: no tremors occur. This result proceeds 
probably from the circumstance, that the caloric enters into 
every part of the surface of the block eijually, and is more 
quickly diffused through the mass, and hence there are none 
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and sudden expansions which give the tremor- 

b 

0 • 

on the narrow lead block may be induced by 
two causes, either by some slight inequality in the weight of 
the portions of the bar on the two sides of the ridge, or some 
difference in the condition of the surface of that part of the 
block winch the ridge of the bar touches; and may be thus 
explained: 

xst, If the first-mentioned inequality exist, as soon as the 
bar receives an upward heave, the greater weight of the one 
side will cause it to incline to that side; and as soon as that 
heave ceases, and the contraction succeeds, the bar approaches 
its original position, but will not remain in it, for the incli¬ 
nation given to the preponderating side will, on its return, of 
course, cause the bar to incline to the opposite side. The 
impulses which the bar receives, in this position, /from the 
renewed expansion and elongation, will not only renew the 
upward heave, but .also incline it again to the preponderating 
side, and thus increase the lateral movement, which, like the 
vertical, though altogether insensible at first, by incessant 
frequent repetition accumulates and increases till the rocking 
becomes conspicuous, and is rendered much more so by the 
transverse rod. 

2ndly, If there exist any difference in regard to asperity in 
the condition of the surface of that j)artofthe block upon which 
the ridge of the bar rests, it must necessarily follow, that the 
impulse given to the bar on that siele which is most rough 
will be greater than on the other, and consequently the up¬ 
ward heave will be so modified as to create an inclination to 
one side. The bar thus thrown off its balance to the right on 
ascending, will incline as far to the left on descending, and 
there receiving the expansive impulse, it will be driven back, 
and thus the principle of rocking will be created. The sound 
depends upon the rapidity of the vibrations; for when slow, 
no tone is heard. 

I think from the above-related experiments, and the con¬ 
clusions and theory drawn from them, that the hitherto un¬ 
known causes of many sounds are now accounted for. 

The sounds described by Humboldt as heard at sunrise by 
those who sleep on certain granite rocks on the banks of the 
Orinoco, also the sounds at sunrise produced by the statue 
of Memnon, and the twang, like the breaking of a string, heuid 
by the French naturalists, as if proceeding from a mountain 
at Carnuc, are probably caused by the pyrometric expansions 
and contractions of the heterogeneous material of which the 
statue and the mountain consist. Similar sounds, and from the 
same cause, are emitted, when heat is applied to any connect¬ 
ed mass of machinery, and the snapping heard in a fire-grate 


of those partial 
causing impulsi 
The rockinir 
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aiForcl.s a familiar example. We Imve often heard of a poke^ 
producing tone when hctatcd and the point rested on a kno^^ 
in a fir board in the floor of a room; also the singing in a tea^ . 
kettle is another example. In distilleries, shortly after the Qfe 
is put to the cool coppers, a very loud note is given out, 
continues until the liquor boils*. 

.John Robison, Esq., Secretary to the Royal Society of Edin- 
burgh, infoi'med me that he once let a heated bar fall from his 
hand: it alighted on a painted shelf of wood, when he was sui**- 
prised at hearing sounds; but they soon ceased. 

The following theory of the cause of earthquakes and vol¬ 
canic eruptions strikes me as being not at all unlikely- Earth¬ 
quakes, and the sounds accompanying them, may be caused 
by vibration, occasioned by heat generated far below the sur¬ 
face of the earth, in some enormous metallic mass, which be¬ 
ing in contact with some cool substance, not a very good con¬ 
ductor of heat, the latter is violently agitated, thus producing 
the vibration felt in earthquakes. Ily its intensity chasms are 
opened on the face of the earth; and below, caverns filled with 
condensed combustible matter and liquid lava are torn open, 
and the contents, by their enormous expansion, and having 
Ibund afl egress more easily upwards, rise to a great height 
above the surface of the earth. 

I'lje following interesting remarks on the vibration of 
heated metals are copied frt)m a letter received by n)y brother 
from Dr. W. Knight, Professor of Natural JPhilosophy in 
Marischal College, Aberdeen, dated June 8, 1H33. 

I regret that I have not written sooner in reply to your 
letter of the 9th ult., but 1 waited until I should find a conve¬ 
nient opportunity for repeating many of the experiments which 
I hinted the general nature of to you in iny letter of the 19th of 
April. These opportunities liave unfortunately not occurred 
yet, from myself being engaged W'ith a daily class here, and 
my family at a country residence at some distance; nor are 
they likely to occur soon, so that I must content myself with 

• The sounds from the statue of Memnon and the mountain at Carnac, 
and those from machinery and a fire-grate, have already been explained, 
nearly in the above words, by Sir John llcrschel, (sec bond, and Kdinb. 
Phil. Mag. vol. i. p. 221,) but without reference, liowever, lo the new phae- 
nornena of vibrating metals, witli the imisc of which, indeed, contrary to 
Mr, Trevelyan’s opinion, we apprehend that they arc not essentially con¬ 
nected. The sounds heard on the granite rocks of the Orinoco arc attri¬ 
buted by Sir J. Hcrschel, in the same letter, to sonorous vibration's of the 
air passing through small orifices, either subterranean or communicating 
with the atiiiosplicrc. The singing in a tea-kettle, and the note given out 
l)y stills, are rcfcrrible, we conceive, to another order of causes, connected 
with the rapid condensation of vapour, and quite distinct from all the for- 
mcr as well as from those concerned in the vibration of heated metals,— 

Third Series, Vol. 3, No. 17. Nov. 1P33. . 2 U 
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sending you a shorter account than I could wish of the new 
jlrials made on the vibrations of metallic bodies in the end of 
• March and beginning of April last. 

„ “ Having frequently failed as well as succeeded with the 
iron pokers and masses of lead, &c., and not being always able to 
account for the failures, a simple plan of producing vibrations 
occurred to me, which in no instance yet lails upon the greater 
number of metals employed. This consists in placing a quan¬ 
tity of a melted metal (as tin, lead, fusible metal, bismuth, 
&c.) in a hemispherical, or, better, in a parabolic conoidal cup 
of copper, or iron, or brass, lying above a piece of lead or 
other metal. The oscillations of the cup thus resting upon a 
small surface continue long after it has become solid, indeed 
until the cup and its contents have fallen to a temperature not 
much above that of the metal upon which they rdst. I have 
employed in many trials cups of iron, brass and copper, of 
various sizes, from 2 to 6 inches in diameter at the top; and 
of melted metals, from an ounce to some pounds, of bismuth, 
tin, lead, zinc, &c. (In case of pouring the melted metal too 
rapidly from the ladle into the cups, and thus overturning the 
latter, it may be steadied by a small pair of forceps for a few 
seconds.) No vibrations could be produced above any other 
bodies than metals: they are most striking above lead, tin, zinc, 
antimony; more feeble above silver, gold, platina, brass, cop¬ 
per. Above wrought and cast-iron, I could not observe them. 
They are very distinct above slabs of the metal of reflecting 
telescopes, and above fusible metal. The smoothness of the 
ingots above which the vibrations are performed lessens the 
effect greatly, or prevents it. 

‘‘ Among the most interesting trials ai’o: 

‘‘ 1st, 3 or 4 ounces of lead, melted and poured into the 
parabolic cup of copper, resting above the ingot of 1 pound of 
tin with uneven surface. The tremors loud, quick and large; 
a peculiar crackling noise is heard, which 1 cannot distinguish 
in character from the noise of the same kind which ensues 
on bending a piece of block tin held close to the ear. On 
compressing the tin ingot with the fingers, the sound does not 
cease, but assumes a sort of stifled character: on removing the 
fingers, the former crackling noise is resumed. The fingers 
feel distinctly the vibration communicated to the ingot by the 
heated cup.» 

2nd, The same placed on an ingot of 1 pound of zinc. 
The vibrations commenced immediately on pouring out the 
lead: they were small, rapid and equal, (not of an unequal 
sort like those above antimony): the sounds louder than above 
any other metal. They cease on pressing the ingot between 
the fingers; when resumed, there seemed some difference of 
tone: the stopping at the end sudden and distinct. 
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Srd, The vibrations of the cups above a platina coin were 
very slow, and did not commence until after the lead had be¬ 
come solid: they soon ceased;—as if connected with the bad 
conducting power of platina ? 

4th, The solidifying of the melted metals in the cup, and 
their crystallization when made to solidify during their vibra¬ 
tions, offered several singular phajnomena, particularly with 
bismuth, lead and tin. As far as trials have yet gone, the cry¬ 
stallizing property seemed to be more conspicuous when so¬ 
lidifying during the vibrations, than when tlie same quantities 
of metals were not vibrating. 

“ These observations, like those of your brother, seem to 
connect tins subject closely with the arcana of cohesion. On 
seeing the copy of your brother’s paper, which you were so 
good as to send me, on the 19th of April, I was naturally much 
interested in the perusal, and cannot but think his theory 
the true one. An extensive field seems to be opened for ex¬ 
amining the passage of beat through metallic bodies, in con¬ 
nexion with the structure of their atoms in cohesion. I could 
wish much that he or you would repeat some of the above ex¬ 
periments. I do not know when I shall find time to resume 
them. I found indeed, soon after beginning, that I could not 
advance without one of the small metallic Breguet’s thermo¬ 
meters, with which the temperature of the ingots might be 
approximated to. I omitted to mention that the cups them¬ 
selves will vibrate, if heated above a gas flame; but the other 
mode of pouring from a ladle some melted metal is more con¬ 
venient, and Increases the range of the phenomena; or hot 
mercury may be poured in, but the fumes are disagreeable. 

“ P.S. If you try any of the experiments, it will give me 
great pleasure to hear of your success. I have tried them so 
very often that I am quite sure you will not lose your trouble.” 

At one of the meetings of the Royal Society of Edinburgh 
this spring, Professor Forbes, of the Edinburgh University, 
read an able paper, and one that showed great research, on 
the vibration of metals; he also produced tables showing the 
difference of metals in the conduction of heat and electricity, 
and for showing the vibrations: there was great similuri^ in 
the position of the different metals in the three columns of the 
table, showing the difference of power in producing the three 
various effects*.—In the Literary Gazette for May 17, 1831, 
Mx’. Faraday is mentioned to have shown the experiment of 
a curved silver plate vibratiiig and sounding when placed on 
cold iron, and to have stated that this effect had long been 
known to w'orking silversmiths. 



* An abstract of Prof. Forbes's paper will be found in our last Number, 
303.—Enix. 
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Description of the Vi^ircs. 

Fig. 1. Is the leaJ block on the rounded surface of which the 
bar rests, by that means the vibrations being more 
distinctly seen : this block is screwed to a flat brass 
plate, having three small flat knobs to rest on. 

Fig. 2. Shows the ring on which the bar is to be placed to 
produce the tone: it is better to have an unequal notch 
for the bar to rest on, thus 

Fig. 3. Is the back part of the bar, showing the ridge on which 
it ought to rest when placed on the load. 

Fig. 4. Is the upi)er side of the bar, hollowed out in the centre 
so as to bring the gravity more to each side. 

Fig. 5- Is the bar with a ball at each end, to be laid across 
the vibrating bar, so as to cause it to move through a 
larger arc. 

Fig. G. Sliows how the bars ought to be arranged for^ exhibit¬ 
ing both the vertical and lateral motion. 

Fig. 7. Sliows the bar as placed for producing the tone. 
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I^V. Vurliculars of a Series of Experiments and Calculations 
undertaken <wiik a View to determine the Velocity "with 'which 
Light traverses Transparent Media. By II. Potter, Jun., 
Esq.* 


13 EFOllE entering on the immediate subject of the essay, 
^ I must be excused a few remarks on Professor Airy’s last 
paper, in the Phil. Mag. for June (vol. ii. p. 4.51). He does not 
inform us on what ground he came to the conclusion, that the 
locus of interference for any one band after prismatic refrac¬ 
tion was exactly in the theoretical direction. His adjusting the 
wooden bar on which his eye-piece slided, so that a certain 
interference band might be seen on the wire, is not sufEcient, 
unless the angle between the bar and the incident pencils is 
known, together with other data needful in a calculation which 
would reejuire some nicety. This intricacy would have been 
avoided by using a criterion furnished by the experiment itselfj 
such as the jwsition of a band with respect to the diffracted 
fringes given by the edges of one of the mirrors, being the 
method which I employed. But Professor Airy does not in¬ 
form us that he used any such expedient, nor that he found 
an aplanatic lens needful for such experiments. 


To proceetl to the subject of the paper; if aht fig. 1, be 
two luminous points from which luminiferous surfaces depart 

Fig. 1. 



siliuiltaneously, then the locus of the central band of inter-^ 
ference will be always on the line ]) e, bisecting perpendicu-^ 
lurly the line joining a and In this we suppose the whole 
j)ath of the light to be in air. But if any other medium such 
as a plate of glass with parallel surfaces were placed as at 
g h i perpendicularly to p c, the place of central interfe¬ 
rence would not be altered. If, however, another pate of the 

* Communicated by the Author. 
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same glass be placed as at I m n i, and inclined to the direction 
of the incident light, then very frequently (that is, when the 
apparatus used is properly adjusted ami applie'd,) there is an¬ 
other set of bands seen at f. In this case it will be seen that 
the upper ray a q rj\ will have passed through a greater di¬ 
stance in air than the lower ray bstf. But on account of the 
glass I m 71 i being more inclined to the ray passing through 
it than the glass ghik to the ray a q 7‘J‘, ii will be seen that 
the lower ray will have passed through a greater tiistance in 
glass. Or the sum of the distances a q and 7-/ is greater 
than the sum b s and tf^ and the distance in glass s I is greater 
than q r. 

Now, putting d = the distances in air aq + 7'f 
and d^ -- bs tf 


and putting D = the distance in glass q r 

D, =- st ‘ 

Then, when the interference at the point J' is produced be¬ 
tween rays which have set out swmltatieously from a and b, 
putting T = the whole time of passing from n or b Xojl and 

V = the velocity of light in air 
ii) = --in glass. 


we have 



from which we find 


V __ d—dj 

w “ 1 )^— 1 )' 


When, therefore, we can find by experiments the distances 
in air and glass, we can also find the relative velocities of light 
in them. This, however, it must be remembered, is on the 
supposition that the velocity is the same in glass for all inci¬ 
dences, and that the velocity in air is the same after having 
passed through the glass as before. The former of these points 
we shall have to refer to again presently. 

In the apparatus I used for the. experiments about to be de¬ 
scribed, the luminous points a and b were produced by rc- 
fiections of the image of the sun given by an equi-convex 
lens of crown glass of y^th inch focus, from two mirrors of 
speculum metal. These mirrors were set in a frame, and so 
that their contiguous edges could be adjusted by means of 
four fine-threaded screws. The glasses g h iImn /, were 
produced by dividing a piece from one plate, which had been 
examined very carefully to see that the surfaces were flat and 
ti'uly parallel. The mode of examining the parallelism of the 
surfaces which I adopted, was that of viewing the reflected 
images they gave of a narrow line of light in the following 
manner.—Standing in a room facing the window through which 
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the light from the sky came directly, and at the distance of a 
few yards from this window, I held up before me the plate (a 
small one) with a piece of black velvet behind it; then holding 
a piece of fine platinmn wire (a very fine steel needle would 
answer as well,) directly before the pupil of one of my eyes, I 
viewed with the same eye the images, produced by the sur¬ 
faces of the glass, of the fine line of light which was shown by 
the platinum wire. When the surfaces are even very slightly 
inclined to each other, it is immediately detected by their two 
images being distinctly separated; but when both surfaces are 
accurately perpendicular to the same incident rays, the two re¬ 
flected images become blended into one. Knowing it to be a 
very dillicult task to produce two such flat and parallel sur¬ 
faces on a small scale, I did not attempt to grind and polish 
a plate myself, but chose rather to avail myself of the kind¬ 
ness of a friend, to select a small plate, to suit my purpose; 
and I considered myself fortunate in finding o?ie amongst a 
large number of plates in which no inclination of the surfaces 
could be detected in any direction. One of the best methods 
for examining the truth of fiat surfaces, I find to be that of 
pressing together alternately the surfaces of the two pieces of 
glass, when, if there be any appretiable curvature, it will be de¬ 
tected by an appearance of Newton’s rings; care must, how¬ 
ever, be had that the curvature does not arise Irom a too 
great degree of pressure. 

My two pieces of glass from the plate just mentioned were 
attached, the one to the pivot of a divided circle, and the other 
to the arm turning on this pivot, which carried the reading 
microscope. The circle was something less than 18 inches 
in diameter; and from the examination 1 nmdeof the values 
of the divisions, I think the angles, in the experiments which 
were deduced from the divisions for even tens of tlegrees, could 
not be wrong more than five or six seconds. For the other 
divisions it is possible the error might be several times as 
much, but nothing, as I have proved, which could allect funda¬ 
mentally the results. The heliostat I used was the one I have 
described in a former number of tlie Magazine, (Lond. and 
Edinb. Phil. Mag. and Journal, vol. ii. p. 6,) and the lens and 
two mirrors were attached to it, so that the line c p, fig. 1, 
might be horizontal. The plane of the circle was adjusted 
accurately to be parallel to tins line, and perpendicular to the 
horizon, by three screws forming the feet of its support. The 
two glasses being cemented to plates of brass were also ad¬ 
justed by three screws each, so as to be perpendicular to the 
plane of the circle. The distance ej" in the figure was mea¬ 
sured by means of a chased steel screw set accurately in a 
bi ass frame; this screw was set perpendicular to the horizon, 
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and it carried up or down, when turned, a piece of hard wood, 
to which was attached the eye-lens with a needle-point in its 
focus. By means of an index and a divided card, the motion 
of the screw was read off to the 20()ilth part of a revolution. 

The distance of the points a and b was determined by 
the method used in a similar case by M. Fresnel, namely, by 
placing a piece of tin-plate, so that a circular perforation in it 
might be on the line ep, as in fig. 2. A scries of coloured 
rings round a centre, also coloured, but well defined, was in 

Fig. 2. 



this manner seen for each luminous point a and b, and the 
distance i i of these centres was very easily and accurately de¬ 
termined with the screw carrying the eye-glass; from which 
the distance a b was easily deduced, when the distatices e r 
and rp had been measured. 

There are many points that require great attention in con¬ 
ducting the experiment, with which I must not trespass longer 
on the reader's patience, but will nierely state that they arise 
from the necessary smallness of the distance a b, the diffracted 
fringes of the edges of the glasses Az, li, the peculiar adjust¬ 
ments required for the mirrors, the positions of the mirrors 
with respect to the original luminous point, and the positions 
of the glasses with respect to the points e^J'and a, b. 

The final adjusting of the apparatus often retjuired all the 
sun-light 1 could obtain, for one or two days before the ex¬ 
periment could be proceeded with; and this occurring every 
time the apparatus was altered so as to experiment unclcr dif¬ 
ferent circumstances, prevented me, even during the long suc¬ 
cession of fine weather we had this spring, from obtaining 
more numerous measures. The alterations of the a])parutus 
were to produce different values for the distance a 6, and the 
proper places of the edges h z, I i, for the different angles be¬ 
tween the glasses. For all the measures in which the glasses 
were inclined to each other more than 10 degrees, the two sets 
of fringes at c and f were seen, and afforded the means of 
taking the distances of these points with great accuracy. In 
the others, one set only could be seen at once, so that the lower 
glass had to be brought up to a parallel position with the 
upper one for every measure; the lower pencil passing in 
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this case through the lower glass, for both sets of fringes. The 
light I used was a red obtained by extracting the colouring 
matter of alkanet root in oil of turpentine, and then transfer¬ 
ring it, when filtered, by solution and quick evaporation, to 
Canada balsam. This coloured balsam, placed between two 
plane glasses and cemented round with sealing-wax, furnished 
a convenient way of getting light of any required purity: that 
which I used was such as to cause rather more than twenty 
bright and twenty dark bands to be visible at once; and yet 
in this number there was no difficulty, with a little practice, in 
determining with certainty which was the central one. 

The following are the measures 1 have taken, and the re¬ 
sults which they give. 

On March 30th 1833, the angle between the glasses (?iy) 
being 14° 1' 7'', 

the distance ef was found to be *29290 inch. 

When the angle {^iy) was 15° 0' 15", 

ef was found to be *34320. 

For both the above £ *', fig. 2. = *10126 

er — =s 12*15 inches 


rp — = 19*65 inches 

whence ah — *1637661. 

I'he thickness of the glass plates was found to be *1375 inch. 
Taking the refractive index of the glass (jx) at 1*495, these 
measures give 

-002812115 

D^-D *001743651 ~ 

The second one for the angle 15° 0' 15" I have not calcu¬ 
lated. 

On the 6th of April, I obtained the following: 

Angle ?£y, fig. 1 = 18° 59' 17' 
c/ — = *540276 

ii fig. 2. = *104012 
er — = 12*15 

rp — = 19*9375 

whence ab. =s *170678 

from which we find when p is taken = 1*495 


d~d, __ *0051619 
D.-D - *0030902 


1*6704. 


On the 21st of April, I got the following measures: 
Third Series. Vol. 3. No. 17. Nw. 1833. 2 X 
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Angle fig. 1. = 5° O' 6" 

ef — ^ -0337193 

it fig. 2. =-1125248 
— = 12-JO 

rp — = 20‘04> 

This value of i i being taken without removing the glasses, 
on account of the great labour required to re-adjust the appa¬ 
ratus, requires to be considered as for the distance rp cor¬ 
rected by a a, fig. 2, which I calculated in the experiments 
taken at and after this date from the expression: 

auj — thickness of glass x 

whence ab •= -1859400 and for ju. = ]'495 

d—df -00037980 

D -D " 


= 1-552. 


I 


-00024464 

On the same da}-, 1 obtained the following also: 

Angle fig. 1. = 9^ 59' 42" 

ef — = -1240136 

i i fig. 2. =-11339 
er — = 12-10 

rp — = 20-04 

whence ah ■=■ -1873696, and when ft = 1-495 

d-d, _ -001419883 _ , 

D- D ” -00092721 = 

On the 8th of May, I obtained as follows: 

Angle \iyi fig* 1. = 5° 0' G". 

e'f — = -047953687 

ii fig. 2. = -0776168 
er — = 12-05 

rp — = 20*28 

whence ab ^ -1S03349, and taking ft = 1-405] 

d—d, _ -00037257 

I)PD “ 


= 1-568. 


-00023757 
On May 9th, I obtained the following: 

Angle ? i y, fig. 1. = 5° 0' 6" 

ef — = -04641225 

ii fig. 2. =-0803153 
er — = -12-05 

rp — = -20-26 

whence aft = -1347321, and taking here ^ = 1-492 

d-d, -00037475 
D.-D ~ -00023915 - * ^'*^* 
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On May 18th, I obtained the following: 


359 


Angle 


= 17° 0' 55" 


— 

= -4131553 


i i fig, 2. 

= -11176437 


er — 

= 12-08 


rp — 

=s 20-23 

set, 



Angle 

fig. 1. 

= 16° 0' 23" 


— 

= -44349222 


i i fig. 2. 

= -09132167 


er — 

= 1208 


TV — 

= 20-23 


On re-examining the adjustments, after taking these two 
sets, I found tlie glasses had got slightly moved. It is probable 
that this had occurred in taking the measures of er and rp^ 
and therefore would not influence the others; but 1 have not 
calculated them. 

On May 22nd, I obtained the following; 

Angle fig. 1. = 19“ 59'39" 

e/ — = -70650 

a fig. 2. = -0897189 


er 

rp 


12-08 
= 20-25 


whence ah — -1500612; and when p = 1-492, 

- -00^1^70 _ 

D,-D -00334260 “ ' 

On May 23rd, I obtained the following ; 

Angle fig. 1. = 19° 59'39" 

ef — -6719927 

ii fig. 2. = -09218843 

er — = 12-08 

rp — = 20-29 

v *1544955, and 


whence ah 


d-d, _ *00568722 _ 


D.-D 


00335378 


6958. 


when the refractive index p is taken = 1 -495. 
When we take p = 1-492, we find 


d-d. 


00570817 


=: 1-6949. 


D,—D -00336775 

The reason of my having used two values of the refractive 
index is this. The circle being engaged with the other part of 
the experiments, and as I possessed no other divided instrument 

2X2 
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fit for determining the refractive power of the glass, I had re¬ 
course to Dr. Wollaston’s instrument, with which I deduced 
1'495 as the refractive index. When the circle was at li¬ 
berty, 1 found this to be rather too high for the red light with 
which I had been experimenting, and that 1*493 was about 
the true refractive index for it. On going, however, through 
the calculation again for the experiment of the 33rd of May, 
the difi'erence was so small in the results, that 1 have not 
thought it needful to re-calculate the others, and particularly 
as the labour is considerable. 

It will be seen in fig. 1, that to find the true value of the 
angle q a e^ from knowing the distances cj\ c a and the thick¬ 
ness of the glass j3 a, it is necessary to find the distance a 


from the formula a a, = t (\ - — — - .Y where t = BctA ^ 

* ju, cos 4>7 ' 

the angle of incidence qae^ and q! =: the angle of refraction. 
By repeating this process, we at length find the angle qae io 
any required correctness, and then easily find d and D. 

For the lower ray, supposing a perpendicular (6 y) to be 
let fall upon the lower glass, o- & is first found by the same for¬ 
mula as a Op and then from it o- r or 6^, us may be most con¬ 
venient to use. After one or two approximations in this man¬ 
ner, the values of the angles slid and shy may be found with 
every accuracy that the logarithmic tables to 7 figures admit 
of. Knowing the angle s&y, we soon find ts — Dj, then 
from it we obtain the value of 6 ij, and finally, d^ = sb +ft =■ 
[d b—3t})x secant sbd. 

In the calculations, I have used the logarithmic tables to 
7 figures, excepting for the secants of the angles qae and 
sbd, in which, from the largeness of the values of d and d^ 
compared with their differences, I found it necessary to calcu¬ 


late these secants from the formula, secant =s \/1 + tan^ to 
10 places of decimals. 

According to the undulatory hypothesis, we should have for 
all incidences 


w: v:: (D—D^) ; {d—df):: 1: ft 


or. 


w 


d-d 


^ D,-D “ 

We see that this is not supported by the preceding experi¬ 
ments, and that they deviate the more from it as the angle of 
incidence on the lowef glass is greater. This leads us at first 
to sup})ose the velocity of light in glass to be variable for dif¬ 
ferent incidences. Before concluding finally on our results, we 
shall find it wise on this, as on many other occasions, to doubt 
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the infallibility of the undulationists. They tell us, it is true, 
that the image of the sun’s disk, produced by a lens of short 
focal length, may be used instead of a luminous body, in all 
experiments in which it is wished to produce a series of waves 
diverging from a point. And the measurements hitherto taken, 
which have been supposed by some to demonstrate the undu- 
latory theory, have been made with common lenses, without 
its being imagined there was any n^d of achromatic, apla- 
natic glasses tor these delicate purposes. 

Without attempting to clear the foregoing results of the 
effects of aberration, we may still convince ourselves by a 
simpler procedure, that their discordance with the hypothesis, 
—that the velocity of light in passing through transparent 
bodies is inversely as their refractive indices,—-is more ap¬ 
parent than real. 

The experiments appear to show that the velocity (u?) of 
the light in the glass was slower as the incidence was in- 

creased, making the fraction " of larger value. Then the 

light must also have moved more slowly in the lower glass 
than in the upper one, on account of its greater incidence 
upon it. 

Let us, therefore, instead of 

T = -^ + ^ = -!^ + 2^ 

V VO V VO 

take the w in the denominator on the second side equal to 
z VC, and we have 

T = — + — = A + 

V VO V zvo 

iLD, 

1 Ml • 

and 2 s-—,-,.- „ 

(d-d,) +iD 

In applying this to the experiments of the 9th of May, let 
us assume, as the experiments warrant us in doing, that the 
velocity in the glass at a perpendicular incidence is to the ve¬ 
locity in air in the inverse ratio of their refractive indices. 
We find for z the following: 

* K -999912 

and from this = 1*49213 

zw 

which is nearly, as we supposed it, at a perpendicular inci¬ 
dence, namely, 1*492. 
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For another example^ the experiment of May 23rd gives 

« = ‘996759 

and — = 1-49685. 

zvo 

Or, the ratio of the velocities appears still to be, when fully 
considered, nearly 1 '492, as we have taken it to be, at an in-' 
cidence nearly perpendicular. 

These experiments, then, give no adequate ground for main¬ 
taining the incorrectness of the hypothesis that the velocity in 
refracting bodies is inversely as their refractive indices. 

On a careful re-examination of the thickness of the glass, 
of the value of the threads of the screw by which were mea¬ 
sured the distances i i and ef^ and of the other parts of tlie 
apparatus, I could find no ground to suppose the resi^lts I had 
obtained were influenced materially by any other imperfec¬ 
tion besides the aberration at the focus of the lens. 

I shall consider it exceedingly important to determine 
whether, when an achromatic lens of short focus is used to 
form the luminous point, the central band of direct interference 
given by two mirrors is black, as it has appeared to me, and 
to several friends to whom I have shown it, when adequately 
tried with a common lens,—contrary to what the undulation- 
ists would have us believe it to be. If the central band shall 
still be found black, I shall submit to those who are not per¬ 
fectly wedded to the undulatory theory, that it imistJail. If, 
however, when adequately tried, the experiment shall exhibit 
the central band white, I shall consider one of mp greatest dif¬ 
ficulties to receiving the undulatory theory to be removed. 


LVI. Descriptions of several new British Forms amongst the 
Parasitic Hymenopterous Insects. By J. O. W’estwood, 
F.L.S. ^c.* 

[Continued from vol. ii. p. 445.] 


25. Streblocera, Westw. 

y4LYSIM affinis. Caput antici bituberculatum. Antennae fere longitudine 
corporia 16-articulatae, ardculo Imo longo (capite longiori) subtus dento 
volido armato, 3do brevi apice prioris oblique inaerto.Stio paullo majori, 4to 
etiam oblique inserto, hoc et reliquis filiformibus. Collare angustum. Ab¬ 
domen subrhomboideum pedunculo brevi. Als anticae stigmate magno, 
areola 1 marginali brevi, areola submarginali cum discoidali efiusa.— 
Strebl./ulviccps, Westw. I^ceo-nigra, nitida, capite fulvo, oculis ocellisque 
nigns, antennis fuscis, articulis 3 basalibus fulvis, pedibus fuscis, femoribua 


* Communicated by the Author. 
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fulvescentibus; alarum stigmate nerrisque pallide fuscis. Long, Corp. lio* 1. 
Coombe^ Aug. 1833. 

26 . Basalysy Westw. 

Aneurhpnckum (antennis) cum SpUomicro (alls) arctd conjungena. Os baud 
rostratum. Antennm $ H-articulatse, articulis 2 et 3 brevibus^ 4to 
magno, extern^ producto, rcliquis subsequalibus tenuibus. Alsc magnsc 
nervia duobus aubcostalibus tertiam aim partem accedontibua, nervo trans- 
verso illorum apiccm connectente cura nervo ex illoriim medio exeunti 
areolam triangularem formantibus stigmate magno intern^ retro-producto, 
nervisque quibusdarn longitudinalibus fer^ obliteratis, fumipenids^ 

Westw. Niger, nitidus, pilia longis ornatis, alia fuscescentibus, stigmate ner- 
vqque transverso nigris, nervia reliquis fuscia, apice Femorum tibiarumquc 
piceOj tibiis piceo-nigria. Long, lin, 1}. Prope Londinum. R. Lewis. 

27. Elasmusy Westw. 

Ex Evlopho iypicali differt antennis ^, articulis ^4 et 5 brevissimis fer£ 
coalitis (singulo ramutn longum emittenti), Gtolongo, reliquis clavam for- 
niantibus; $ ut videtur 10-articulatm, 3 et 4 annulifonnibus, 5, 6,7 ob- 
longis, 8,9,10 clavam formantibus, metathorax (^ ? } utrinque ad latera 
in laininam magnam concavam postic^ productus.—Aim angustissimm. 
Pedes longissimi femoribus magnis.— EtdopkusflabeUatiu, Fonscol. Ann. 
Sc. Nat., Jul. 1832. (Descr. antennarum vitiosa), Coombe, Aug. 1833. 

28 . Btenomesius^ Westw. 

Euplectro affinis. Caput lutiusculum. Antennm longiores, $ graciles, $ 
subincrassatae, 9-articulatsc, articulo 2do 3tio dimidio breviori, clavil 3-arti- 
culata. Thorax antice collari attenuatus; abdomen pedunciilo brevi, $ 
parvum spatuliforme, 9 majus, ovatum. Aim magnm. Pedes sat elongati 
tibiis intcrinediis, ^attenuatis,apice subclavatis.—1. Sten, pulchellris^tsVN* 
^. (^apitc nigro, antennis nigris, basi subtus pallidis, collari et mesothorace 
Fulvo-testuccis, parapteris nigris metatliorace nigro, abdominc nigro, basi 
niaculil inagnii fulvn, pedlbus fu1vis,anticorum femoribus basi tibiisque apice 
fuscis, intcrmcdionmi tibiis apice tarsisqiic totis nigris; alis hnmaculatis. 
Variat collari scutciloque plus miniisvc nigro notatis. Long. lin. Exp, 
Alar. 1.^, Prope Londinum et Cantabrigiani.—2. Sten. Westw. ?, 

Capite fiilvo macula occipital! lineaque pone oculos nigris, antennis nigris 
articulo basal! fulvo, thoracc ut in pi mcedenti colorato, abdomine nigro 
basi fascia tenui lineaque brevi fulvls, pedibus fulvis, tarsorum apice fusco, 
alis macula centrali fuscescenti. An 9 prmcedentis ? Long. lin. 1. Exp. Alar. 
IJ. Prope Londinum. R, Lewis. 

29. CheiloneuniSj Westw. 

Encyrtum (pedibus) cum Ewpclmo (alis) conjungens. Caput sat magnum. 
Mandibulm 3-dentatm. Antennae prope os insertm, fere thoracis longitudine, 
versus apicein subclavatm. 11-articulatm, articulo 2do 3tio majori. Thorax 
oblongo-quadratus, antic^ collari attenuate, scutello posticb fasciculato; 
abdomen ovatum dejircssum postice acuminatum. Aim antiem nervo stig- 
maticali brevissimo a loco conjunctionis nervi subcostalis cum costtl paullo 
remoto. Pedes ut inEncyrto,—CAd/, c/cgoiw/Dalm. iEncyrtus ^lEupehiuiSm 
Capite obscure mneo, oculis antennisque nigris; his basi et apice pailidU 
oribus, thorace cinerascenti-mneo, scutello flavo, abdomine nigro, cupreo 
nitenti, alis fuscis, in medio obscurioribus, basi ntque prope et sub stigmata 
albis, pedibus pallide tcstaccis, femoribus tibiisque posticis obscuris,tibiarum 
4 posticanuii basi albo. Long. Corp. lin. Expans. Alar. lin. 1 1, Rich¬ 
mond Park, Aug. 1833. 
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SO. Ectroma^ Westw. 

Eiuyrium (pcdibus) cum nebcolace (habitu) conjungens. Caput crassum 
luandibulis 3-dentatis. Antennm inter partem infenorem oculorum inserts, 
fere corporis iongitudine, sensim incrassatae, 9-articulatie, articuh) 3tio 
£do minori, dno 8vo baud major!. Thoraxoblongo-quadratus collar! acum!- 
nato. Alae rudimentales.— Ectr,fulvescem^ Westw. Capite thoraceque pal¬ 
lida fulvis, seneo submicantibus, abdomine obscure tcstaceo inetallico, 
oculis et antennis n!gr!s, his basi subtdsi apiceque articul! terminal! pallidis 
pedibus fulvis, tarsorum apice nigro. Long. lin. Coonibe, Aug. 1833. 

31. Pteroptrixj Westw. 

Agonioneuro affinis. Corpus brevissimum, latum, depressum. Caput trans- 
versum oculis ma^is pilosis. Antennx 8-articulah£, articulis £ et 3 mquali- 
bus. 4to raullo minor!, 5,6,7 multo majoribus, 8vo minutissimo. Thorax 
fere quadratus. Scutellum tiiaguum. Alse magnae, apice longe pilosse, nervo 
stigmaticali brevi angulum acutum fonnante. Abdomen sessile, brevissi- 
mam, apice mucronaAm. Tarsi 4-articulati.— Pter, dimidiatust Westw, 
Piceo-niger, scutello albido, antennis ilavis, articulo 7nio obscuriori, alarum 
dimidio basali fusco, pedibus pallidis, femoribus tibiisque basi fuscis. Long. 
Corp. lin. In quercu, Richmond Park, Aug. 1833. 

32- Coccophagusj Westw. 

Agomoneuro e^nis, differt antennis 8-articulat!s, articulo £do 3t!o minor!, 
hoc et duobus sequentibus fer^ aequalibns, ultimis 3i!s clavani, vix articulo 

E rmcedenti crassiorem, formantibus. Tarsi 5-articulati; nervus stigmaticalis 
revis apice conoideus. Habitat in Coccis.—Sp. 1. Entedon scuteUarist 
Dalra. Sw. Tr. 1825. 365*.—Sp. 2. Cocc. Westw. Palliclc tiavus, 

oculis, thorace antice abdomineque nigris, antennarum flagello thoracisque 
lateribus obscurioribus, pedibus navis, tarsorum apice fusco. Long. lin. I, 
liiXclusus e Cocc, aceris, Jun, 1833,—Sp. 3. Coco, obscurtiSf Westw. Niger, 
abdomine nitido, antennis fuscescentibus, pedibus sordide albidis, tarsorum 
apice fusco, femoribus intermediis basi, poaticis totis, tibiisque posticis basi 
fuscis. Alarum nervo fusco. Long. lin.Habitat cum praecedenti. 8p.4. 
ErUedon insidiator, Dalm. 1. c. 371* 


LVIL Characters of some undescribed Genera and Species of 
Araneidae. By John Blackwall, Esq. F.L.S. 

Tribe^ iNEguiTEL.®, Latreiile. 




